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THE PULSE IMMEDIATELY PEECEDING THE EPILEPTIC 

ATTACK 


By ALEXANDER G. GIBSON, T. SAXTY GOOD, and 
R. GREENWOOD PENNY 

With Plate 1 

In the course of a research -whose object -was to determine in -what way, 
if any, the action of the circulatory organs in epileptics differs from that in 
normal persons, it has been our good fortune to obtain satisfactory tracings 
immediately preceding and up to the fit in five epileptic major attacks. 
Many other such attacks have been observed without the aid of accurate 
instruments by noting the colour of the face and by feeling the pulse, but 
the impression that such observations leaves on our minds is that they are 
inaccurate and that little attention should be paid to them. The circum- 
stances attending an epileptic attack, even though it be expected by the 
observer, are such that the ordinary palpation of the pulse cannot be interpreted 
aright; the tendons near the radial artery often become tense and raise the 
palpating fingers from the surface of the artery, and it is even possible that an 
occasional clonic spasm in the forearm muscles communicated to the flexor 
tendons may simulate a pulse-beat. Such errors, at least in the period preceding 
the convulsion, are either absent or greatly lessened by mechanical methods 
of recording, especially if the pulsations be taken not at the wrist but from 
the armlet of a sphygmomanometer applied to the upper arm. In the observa- 
tions here recorded the tracings were taken with an Erlanger’s sphygmo- 
manometer, using an external pressure that was usually below the minimum 
blood-pressure. The experiments consisted in taking long tracings at varying 
external pressures, together with a record of the respiration. The patient 
during the time lay comfortably on a bed; the arm might become a little 
cyanosed but the circulation still continued, and no complaint of discomfort 
was on any occasion made by the patient. We are of the opinion that the 
constriction thus produced never either excited or accelerated the onset of a fit, 
for the same patient on other occasions with the same procedure had no fit, and 
many other cases we have examined in this way for periods of an houi- or 
less on several occasions have never had a fit. The patient in every case, 
when be knows the conditions of the experiment, loses interest in it altogether 
and falls into a drowsy state ; it is in this state that we have observed the 
fits to appear. Although it has not been possible to observe the earlier stages 

[(?. J. M., Oct., 1910.] B 
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of epilepsy or mild cases, our patients being drawn from tbe Asylum class, 
we have paid more attention to the ‘ idiopathic ’ forms in those who are still 
mentally efBcient enough to take some part in tbe Asylum work. 


Abbreviated Clinical Notes. 

Case I. W. P. T., male, aged 26. The patient comes of a very fair stock 
and there is no relative insane. In the previous history there is no disease 
of importance. The fits began at 7 years of age with no ascertainable ante- 
cedent ; they were very frequent at &-st, sometimes being as many as fourteen 
in the day. At the present time he has a series of .fits, usually about five, every 
three weeks, the first of which begins between 6 and 7 a.m. Each fit has 
well-marked tonic and clonic stages, and it is often three-quarters of an hour 
before he regains consciousness. His mental condition is one of mild dementia ; 
he helps willingly in the wards, is somewhat emotional, and of the usual 
religious temperament. His education is fair, haying gained the fourth standard 
at school. At the period of his fits he is confused and mildly suspicious. ^ In 
body he is tall, well-built, and, except for a dull expression, he has not the 
epileptic facies ; his complexion is smooth and healthy. _ There is no sign of 
bodily disease in any organ. 

Case II. A. S., male, aged 22, previously a farm labourer. There is 
no insanity in the family, but none of his kinsfolk are even moderately endowed 
mentally. His father, though able to support a family in poor circumstances, 
is mentally ill-developed for his class. There is no history of previous disease. 
The fits began at 13, and the first occurred during a thunderstorm when he 
was out in the fields with a team of horses. He is said at that time to have 
been struck by lightning. After an occasional fit he was free for a period 
of two years, but they returned and have gradually been getting more frequent. 
He has about twenty fits per month and frequent petit mal attacks. The major 
fits last about a minute and consist of tonic and clonic stages. After some 
of the slighter ones he is able to get up and walk about in five to ten minutes. 
His mental state is one of dementia. His education is imperfect and he 
is said to have reached the fifth standard at school. He is a good worker 
and easy to manage except at his ‘ fitty ’ ^ times, when he is morose. He is 
a well-built man of medium height with an epileptic facies. There is no gro.ss 
bodily disease, but there is some tremor of his upper lip in talking. 


Description of Observations. 

All the tracings were taken on the slowly moving drum of an Erlanger 
sphygmomanometer, a speed which is so arranged that each pulsation of the 
brachial artery shows as a separate upstroke. Unfortunately no time-marker 
was fixed to the instrument when these records were taken. In all the figures 
the upper tracing represents the respiration taken by placing a rubber ball, 
in connexion with a tambour, underneath a loose abdominal belt; in this 
tracing each upstroke represents an inspiration and each fall a return to the 

> This term, which is sufficiently expressive not to need further comment, is used habitually 
by the attendants at Littlemore Asylum ; we are not aware of its use elsewhere or its equi- 
valent in other asylums. ^ 
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position of thoracic rest. It will be noticed that in all the records the respira- 
tions are markedly irregular ; sometimes an occasional sighing respiration is seen 
(Fig. 1), now and again a suspicion of Cheyne-Stokes respiration (Figs. 1 and 2), 
or, as rn Fig. 5, slow tonic waves superimposed upon the general respiratory 
undulations. In our opinion these variations bear no intimate relation to 
the fit, though they may he an expression of the conditions in the epileptic brain. 
They are seen in many epileptics quite apart from the fits or the ‘ fitty ’ state, 
they vary much in the same patient from day to dajq and they ai’e often to 
be found in patients without epilepsy, especially in neurasthenia. The lower 
tracing, which like the upper is to be read from left to right, is the pulsation 
in the brachial artery transmitted through the inflated bag to the tambour. 

In the fii’st fit observed (Plate 1, Fig. 1, Case I) the external pressure in the 
armlet was 78 mm., and the absence of any further note of the pressure in the 
course of the tracing means that no alterations in the level of the mercury column 
were noticed ; such alterations being due to leakage of air from the apparatus 
or from circulatory alterations in the patient’s arm. It will be seen that 
towards the middle of the tracing is a deep respiration followed by a short 
pause, and that in the latter half the type is somewhat of a Cheyne-Stokes 
character. The blood-pressure record is even except for the slight depression 
that occurs with the deep respiration. Immediately preceding the irregular 
movements of the lever which indicate the stage of tonic spasm the upper 
and lower limits of the pulse oscillate somewhat, but there is no more than 
a slight lessoning of the amplitude of pulsation, and even in the imperfect 
record of the pulsations when the tonic spasm has begun there are indications 
that cardiac action is uninterrupted. 

Plate 1, Fig. 2 (Case II) shows considerable iiregularity in the respiratory 
tracing. The blood-pressure tracing, though taken at the external pressure of 
100 mm., has a small amplitude ; it shows well the respiratory undulation of 
pressure that some persons show more than others. In the second half of the 
tracing the amplitude lessens much and again increases towards the place where 
the irregularities which mark the onset of the fit begin. Here again there is the 
same oscillation in the general level of the tracing that was seen in Fig. 1 ; but 
again there is no stoppage or marked alteration of the heart’s action suggested. 

Plate 1, Fig. 3 (Case II) was taken with an extei-nal pressure of 90 mm., 
the minimum being the same. The respirations are irregular but the blood- 
pressure record is for the most part even; there is, however, a pause just beyond 
the middle of the tracing where a beat has apparently failed. Immediately 
after there is a period with a quicker heart-beat, which becomes normal again 
and finally quickens immediately before the fit. Pulse-beats continue right up 
to the tonic spasms with regularity and only a trivial alteration in general level. 

Plate 1, Fig. 4 (Case II) was taken at an external pressure of 80 mm. (mini- 
mum blood-pressure 100 mm.). The early part shows nothing of interest not 
previously demonstrated in the preceding tracings. The interest of the later part 
lies in this, that the onset of the fit was gradual and allowed of a more detailed 

B 2 



4 


QUARTERLY JOURNAL OF MEDICINE 

study. Three points are marked on the tracing ; these were made during the 
time the record was being taken. At a detectable tonic movements of the head 
began, at b they increased, and at c a tetanic spasm of the whole body set in. 
The fit undoubtedly began at a; the patient at the time was probably un- 
conscious, and yet subsequently for a number of beats the pulsations are quite 
regular’ ; immediately before b the irregularities noticed in the previous tracings 
occur and there is no significant or marked alteration of cardiac action. 

Plate 1, Fig. 5 (Case 11), taken with an estei'nal pressure of 70 mm. (minimum 
blood-pressure 90 mm.), is of interest because the observer was feeling the pulse 
throughout the period. At the point marked x the pulse disappeared at the 



Fig. 6. Graphic record of the rate of the heart-beat throughout each tracing ; the abscissae 
represent successive time intervals of one centimetre of the tracing, the ordinates indicate the 
number of heart-beats in each centimetre. The rate of the heart is seen gradually to increase 
towards the onset of the fit (f). 

wrist and only occasional beats could be felt subsequently until the fit began. 
It will be seen, however, that this is only apparent, for pulsation little less in. 
amplitude was evident in the armlet tracing. We are not certain of the 
explanation of this observation ; the slight diminution in the pulsation will not 
admit of any marked alteration of blood-pressure, and such alteration as is 
suggested is an increase, not a decrease, in general blood-pressure (see later). 

A quickening of the pulse rate preceding the fit is recorded by Munson, and 
is evident in the tracings that he publishes ; it is evident also in our tracings. 
In order to demonstrate the presence or absence in each tracing we have 
counted the number of pulse-beats centimetre by centimetre of each tracino- 
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and have plotted them on squared paper. We were unfortunate in not having 
a time-marker, but the drum used rotated evenly and smoothly and we believe 
there is no error from this source. The results are shown in Fig. 6, where the 
ordinates represent the number of pulse-beats per centimetre of tracing ; in each 
record there is a general tendency for the pulse rate to rise towards the onset of 
the fit, and the highest rate in three instances is actually at the onset of the 
fit ; in fact in the foui-th record, that with the delayed onset, tonic contractions 
were actually in being for the last two centimetres of the tracing in which 
it is possible to count the beats : this tracing has the highest pulse rate of any. 

We might assume with some reason that since the pulse is quickened 
the blood-pressure would tend to be raised ; in the traeing from Erlanger’s 
instrument we have some indications of the changes in blood-pressure when 
such occur. If the external pressure in the armlet be raised by stages of 10 mm. 
from zero to above the maximum, then the amplitude of the pulsations will 
increase until the external pressure is equal to the minimum pressure in the 
artery, that is, the pressure between the pulse waves. From this point, as the 
external pressure is raised, the amplitude will diminish gradually. The point 
that concerns the problem before us is this : — the external pressure being the 
same as the minimum internal pressure, if the general blood-pressure rises 
or falls the amplitude of the tracing will diminish ; the external pressm'e being 
less than the minimum internal pressure, if the blood-pressure rises the amplitude 
wiU diminish, if it falls the amplitude will increase. It may also be said 
that an increase in the mean blood-pressure in the arteiies whose pulsations are 
communicated to the armlet, will cause a general rise in the level of the tracing, 
and that a decrease in the same wiH cause a fall in the level of the tracing. 
Too little is known to indicate all the factors at work, so that a full explanation 
of the variations in the tracings could not profitably be attempted, but we 
would direct attention to Figs. 1 and 5. In Fig. 1 the external pressure (78 mm.) 
is below the minimum blood-pressure (80 mm.) previously ascertained ; at 
the end of the tracing just before the fit the amplitude is markedly lessened 
and there is a definite rise in the level at two places ; both these suggest 
a rise in blood-pressure. In Fig. 5, with an external pressure of 70 mm, and 
a minimum blood-pressure of 90 mm., the end of the tracing gets definitely 
less in amplitude and the general level rises, which again points to the same 
conclusion. 


Discussion and Conclusions. 

We venture to publish these few records because we feel that until objective 
methods are consistently used, the explanation of the mechanism of the fit 
in epilepsy will remain in the region of conjecture. A. E. RusseU, in an 
exceedingly able paper published in the Transactions of the Royal Society of 
Medicine and more recently in the Goulstonian Lectures, supports the old view 
that the fit in epilepsy is caused by a sudden lack of arterial blood in the brain. 
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from certain observations of his own puts forward the proposition that 
'"me cases at least there is a cessation of the pulse before the fit. In an 
iier paper he admits that certain observers, notably Gowers, have recorded 
fact that the pulse persists throughout the fit. The only graphic records of 
i ’ we are aware are those of Munson previously referred to, who found 
slight quickening immediately preceding the fit in all the records he obtained, 
he records put forward in this paper prove that there is no alteration of 
’ e pulse suflBciently definite to affect the amplitude of the wave up to the 
I oint when clonic convulsions prevent its being properly recorded, and in 
more than one record the fit had been noticed to be in progress before the 
record was interfered with. As regards the blood-pressm-e, we are able to 
assert that in none of the records does such a lowering of general blood- 
pressure take place as to suggest that cerebral anaemia from a general cause 
could have produced the convulsion, for in conditions in which lowered blood- 
pressure produces a general spasm, as for instance in Stokes-Adams disease, the 
convulsions occur after a time interval of several seconds after the pulse has 
stopped. In more than one of our tracings the patient was noticed to be in the 
fit and unconscious while little recognizable change was evident in the pulse 
or blood-pressure. We do not wish, however, to exclude the stoppage of the 
pulse as a possible cause of epilepsy ; moreover we are strongly impressed with 
the views put forth in Russell’s paper; but so far as these records go, and 
the type of epilepsy that our two cases represent, we must look, for the 
mechanism of the fit, rather to a local cause in the brain, such as a vaso-motor 
spasm, than to a general cause such as lowering of blood-pressure from cardiac 
inhibition or splanchnic dilatation. 
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DESCRIPTION OF FIGURES 

Fig. 1. Case I, minimum blood-pressure 80 mm., armlet pressure 78 mm. The upper 
tracing is the respiration, the lower the Erlanger record. The occurrence of the fit is manted 
at the end of the tracing. 

Fig. 2. Case II, minimum blood-pressure not ascertained at the time of taking the tracing 
armlet pressure 100 mm. Upper tracing, respiration ; lower, Erlanger record. 

Fig. 3. Case II, minimum blood-pressure 85-90 mm., armlet pressure 90 mm. 

Fig. 4. Case II, minimum blood-pressure 100 mm., armlet pressure 80 mm. Upper tracing 
respiration : lower, Erlanger record. Towards the end of the tracing, at a, the patient showS 
definite movements indicating the commencement of the fit, at b they became more general 
and at c the whole body became convulsed. ’ 

Fig. 5. Case II, minimum blood-pressure 90 mm., armlet pressure 70 mm. Upper tracing 
re.spiration ; lower, Erlanger record. The pulse at the wrist was being felt throughout and at 
X , towards the end of the tracing, it disappeared for a few seconds. 









INFLUENZAL SEPTICAEMIA, WITH A SHOKT EEVIEW OF 
THE PRESENT STATUS OP BACILLUS INFLUENZAE 

By HUGH THURSFIELD 

During the great epidemic of influenza in 1889-91, PfeiSer described 
a bacillus •which has been ■widely’’ accepted as the cause of the disease. His 
original description of the organism as a slender bacillus, often exhibiting 
a tendency to'wards polar staining, negative to Gram’s stain, and gro'wing only 
on haemoglobin-containing media, stiU holds good, and though different strains 
of the organism occ^ionall}’’ exhibit in culture features which were not included 
in Pfeiffer’s original description, especially a tendency to grow out into long 
filamentous forms, yet these features have been so’ frequently observed in 
undoubted strains of the B. influenzae that they are universally accepted as 
characteristic of the organism. Pfeiffer and his school laid down the proposition 
that where organisms of the B. influenzae type are found there is an influenzal 
infection, and called certain similar organisms which were found in non- 
influenzal affections pseudo-influenza bacilli, attempting a differentiation on 
grounds of morphology only. Jochmann, who has studied the subject, is of the 
opinion that no essential morphological difference exists between the organisms 
derived from influenzal and non-influenzal sources. 

So far then there is a general agreement among bacteriologists as to the 
morphological characters of the organism which Pfeiffer discovered, but there is 
a wide divergence of opinion as to its occurrence in the blood ; Pfeiffer and his 
followers declaring that the B. influenzae is rarely found in the blood of patients, 
while Canon and others have found it in a lai’ge percentage of cases. Jochmann 
in summing up this question inclines to Pfeiffer’s opinion, and believes that 
when the organism appears in the blood it is usually a post-mortem or agonal 
phenomenon. 

The two cases which I record here are therefore of great interest in regard 
to this disputed point, and when considered in the light of recent work on 
so-called influenzal meningitis, lead, I think, inevitably to the conclusion that 
what we have been content hitherto to regard as a specific organism is, in 
reality, only one of a group, the members of which have similar, if not identical, 
morphological and cultural characteristics, but different pathogenic properties. 

Case 1. J. L., a City policeman, aged 22, who had never had a day’s illness 
in his life, and declared that until this attack he had not known what a headache 
was, was admitted to Dr. "West’s Ward at St. Bartholomew’s Hospital on 
July 14, 1909, with high fever and severe headache. Two weeks previously 

IQ. J. M., Oct., igio.] 
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he had gone off duty %wth a severe chiU and sore throat, hut had returned to 
duty on July 7 for one day. An attack of severe frontal headache incappitated 
him acraln on July 9, and he had been in bed since. On admission, his pulse 
was 9l per min., full and regular; his temperature 1024, and his respirations 
24 per min.; his tongue was thickly coated; he was sweating profusely, and 
besWes the headache had severe pain in the back. Examination revealed 
nothing in the condition of the heart, lungs, or abdominal organs, which would 
account for the condition. His reflexes were natural ; his sensation unimpaired ; 
he had no paralysis ; his eyes were normal, both as regards movements, reflexes, 
and the appearances of the fundus. An enumeration of his leucocytes gave 

9 600 per an.; a Widal’s agglutination test with B. typhosus was negative and 
a lumbar puncture yielded 3 c.c. of a clear fluid, which contained no organisms, 
aud sliowBd no increase of cellular eletaents, A blood cultivation (5 c.c,j from 



the median basilic vein) made on July 19 gave a growth in one tube of an 
organism resembling in every particular the B. influenzae of Pfeiffer. A second 
cultivation on July 23 was sterile. 

On July 20 and the following days, bis head was held stiffly and somewhat 
redacted ; the headache was of extreme severity, causing him to scream with 
the pain. His condition remained practically the same until July 24, when he 
felt much more comfortable. On July 26 the headache recuiTed and persisted 
till July 29. On July 31 his temperature fell to normal, and thenceforward 
convalescence was uninterrupted. 

Throughout his illness his pulse was rarely above 100 per min., and his 
respirations wei-e never laboured. His urine, which was scanty in quantity for 
the first three days, never contained any albumin. The prominent feature of his 
illness was the severity of the headache, which at one period gave rise to the 
suspicion that he had an intracranial tumour or abscess. 

Case II. A. M., a groom, aged 35, was admitted to Mr. Bowlhy’s Ward at 
St. Bartholomew’s Hospital with pain and swelling in the right leg. The pain 
and swelling had begun in the right foot three weeks previously, and had spread 
slowly up the calf of the leg. On admission the right leg was swollen from 
ankle to knee ; the skin shining and tense, pitted easily on pressure, and was 
very tender. No venous cord could be felt. His temperature was 101-6° and 
pulse 128 per min. 

Three daj's later, October 4, a thickened cord could be felt running up the 
hack of the right leg to the popliteal sjiace. On October 7 his general condition 
became suddenly worse, and a patch of pneumonic consolidation was discovered 
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in the lower lobe of the left lung. It was noted at the same time that the area 
of praecordial dullness was increased, and the following day pericardial friction 
was heard and felt over the heart. Two days later the left leg became swollen, 
tender, and oedematous, and a thickened cord similar to that in the right leg 
was found. On October 12 a blood culture revealed the presence in the 
circulation of a bacillus, which morphologically and culturally resembled the 
B. influenzae of Pfeifier. At this time the patient’s general condition was 
extremely serious, but on October 15 be began to show signs of improvement, 
and gradually retunied to complete health. 

This patient was most seriously ill during the period of the pneumonia and 
pericardial inflammation, and was believed to be suflfering from an acute 
septicaemia ; the leucocyte count at the grave period of his illness was 11,000 
per c.mm. 


\ 



The organisms found in these two cases coiTesponded perfectly to the bacillus 
of Pfeifier. Thej'^ grew only on haemoglobin-containing media, occurring in 
small transparent colonies on the surface of blood-agar slopes. The organisms 
were slender, short bacilli, non-motile. Gram-negative, with an occasional long 
filamentous element. In the first case the organism isolated was not inoculated 
into an animal, but that isolated from the second case was injected into a mouse 
subcutaneously ; the animal sufiered no ill effects. 

From the clinical aspect the first patient may be considered to have suffered 
from an attack of influenza, in the course of which there occurred an incursion 
of the bacilli into the blood, an event which, according to Pfeiffer, Jochmann, 
and other authorities, is of extreme rarity. In the second patient there was no 
evidence of anything resembling an attack of influenza, the affection of the veins 
of the right foot and leg being the earliest symptoms of illness. The occupation 
of this patient suggested inquiry as to the condition of the horses under his 
charge, and in reply to questioning he recollected that about a fortnight 
previous to his illness one of his horses had suffered from a nasal and ocular 
catarrh, and had been ill for several days. In neither case was vaccine therapy 
emploj’^ed. Vaccine was prepared in the second case, but was not required, as 
improvement had begun before it was available. 
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Putting aside for the moment the question of bacUlaemia in epidemic 
influenza, the number of cases in which a bacillus resembling the B. influenzae 
has been found during life is scanty. Border has reported four cases of chronic 
infective endocarditis in which he was able to demonstrate such a bacillus in the 
blood taken from an arm-vein during life. All his cases terminated in death. 
Spat found bacilli of this type in a case of endocarditis and pyonephrosis 
during life. Slawyk, in a similar case of pyaemia with purulent arthritis of the 
right wrist and ankle-joints, found a bacillus which he identified as the B. 
influenzae of Pfeiffer, and Saathoff has demonstrated it in a case of broncho- 
pneumonia and vegetative endocarditis in a young adult. In cases of so-called 
influenzal meningitis the organism has been demonstrated many times in the 
cerebro-spinal fluid, and a few times in the blood during life. 

Returning now to epidemic influenza, Pfeiffer, Weichselbaum, and others 
maintain that the bacillus rarely, if ever, gets into the blood-stream; while 
Canon and, of recent authors, Ghedini maintain that it is easily demonstrated 
in a large percentage of cases. Jochmann, from his own work and a review 
of the literature, is inclined to side with Pfeiffer, and believes that the presence 
of the bacilli in the blood is rare except as an agonal phenomenon. The balance 
of evidence is certainly in favour of this conclusion, but the work of Cohen on 
influenzal meningitis, to which I shall recur, suggests the possibility that the two 
opposing schools were working with different organisms, and that under the 
designation of B. influenzae of Pfeiffer there are at least two, and possibly 
several, distinct species at present confounded with one another. 

With this possibility in view, it becomes of importance to know the various 
conditions in which a bacillus of the type in question is found, and what are the 
lesions which may be fairly attributed to it. So fai' we have seen that an 
organism of this type is generally accepted as the cause of epidemic influenza, 
and that in this disease it rarely occurs in the blood during life ; but that in 
a limited number of cases of endocarditis a similar organism has been isolated 
from the blood during life in pure culture ; and that in the two cases recorded 
here a similar organism has been the cause of an illness of a septicaemic type. 

The next question that arises is the occurrence of the organism in cases of 
disease due to other infections, and the r61e it plays in them. It has been found 
with a fair degree of frequency in the broncho-pneumonic patches of children 
dead of diphtheria, usually in conjunction with streptococci and pneumococci. 
In similar circumstances it has been demonstrated in measles, in scarlet fever, 
and in the lungs of patients dead of tuberculosis. In these cases there does not 
appear to be any reason for supposing that the influenza bacilli exerted any 
influence upon the course of the illness, and it is probable, according to Jochmann 
in bis careful review of the subject, that they were present as saprophytes. 

In the case of whooping-cough, however, the question is more complicated. 
There is a general agreement among all the more recent workers at this subject 
that a bacillus of the B. influenzae type is present in the tough masses of mucus 
expectorated during the early stages of the cough in practically pure culture. 
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Organisma of this type have been isolated by various observers (Jochmann and 
Krause, Elinassian, Jehle and others), but none have succeeded in differentiating 
their niierobes from Pfeiffer’s bacillus. Bordet, on the other hand, has isolated 
a Gram-negative haemophilic bacillus which he has been able to grow after 
a time on ordinaiy laboratory media without the addition of blood. Bordet’s 
own description of tliis organism is that in size and shape it resembles the B. 
influenzae: ‘examined in situ it is usually rather longer and plumper, but 
during the process of subcultivation it becomes smaller and smaller, till finally it 
appears as a mere point even under the highest powers.’ He adds that when 
trained to grow on agar media without the addition of blood it grows in a thick 
white streak like a staphylococcus. Bordet’s organism at present holds the field 
as the probable cause of whooping-cough. Experiments made with it in respect 
of agglutinative power, of fixing the complement, and lastly of its curative 
power in the form of a vaccine, wdiile not conclusive, all lend support to 
its claims. 

From the consideration of the occurrence of B. influenzae in the specific 
infectious diseases, I turn to the records of its appearance in other conditions, 
and notabl}' in affections of the meninges. It is agreed that although meningeal 
symptoms are not uncommon in epidemic influenza, the occurrence of a definite 
purulent meningitis is a rare event. Recently, however, attention has been 
called to a fom of purulent cerebro-spinal meningitis, in which the only 
organisms found are slender rods resembling both in morphological and cultural 
characteristics the B. influenzae. It would seem probable that such cases have 
been overlooked in the past, since of recent yeai-s an increasing number has been 
recorded. In 1907 Adams was able to collect twenty-one cases of the affection 
from the literature, and Cohoe has, in 1909, added three others ; all of these 
were proved either by culture of the organism from the cerebi’o-spinal fluid 
during life, or from the pus after death. Up till last year the identity of the 
organism found in these cases of meningitis with the B. influenzae, though 
often suspected, had neve]' been definitely challenged, but in April, 1909, 
Cohen published an important paper in which he maintains the thesis that this 
form of meningitis is in reality a new disease, due to an organism which 
while moi'phologically and culturally identical with Pfeiffer’s bacillus, can be 
differentiated from it by its pathogenic effects upon rabbits and guinea-pigs. In 
three cases he has isolated this organism, and shown that it occurs not only in 
the meninges, but also in the blood, in the broncho-pneumonic lesions of the 
lungs ; in the effusions into the pleural and pericardial sacs, and in the purulent 
fluid of joints. Parenthetically, I would refer here to the case reported by 
Dudgeon and Adams in 1907, where an organism which they considered to be 
the B. influenzae was found in the pus of inflamed joints, in the lungs, and in 
the cerebro-spinal fluid, and pus from the meninges. It would seem possible 
that these authors were dealing with Cohen’s bacillus, but animal inoculation 
was not practised. 

Cohen’s organism was injected intravenously into rabbits and caused death 
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in 12 to 20 hours. After exalting its virulence thus by passage, it was 
inoculated subcutaneously into another rabbit, and caused death on the thirteenth 
day. The microbe was recovered in pure culture from the heart’s blood, the 
fluids of the pleura, pericardium, and peritoneum, and from the meninges. These 
experiments have been repeated with identical results. Cohen has further 
succeeded in immunizing rabbits against this organism to such a degree that 
eighty times the normal lethal dose has no efiect upon them ; and, further, the 
serum of such rabbits has a highly protective action when inoculated into a non- 
immunized animal twenty-four hours before the lethal dose of the organism is 
given. He has also shown that animals immunized with the B. influenzae are not 
protected against this organism, and that their serum has no protective power. 
Agglutination experiments were unsatisfactory ; the two organisms could not be 
diflerentiated. 

He notes a morphological feature, which in two cases of so-called influenzal 
meningitis I have been able to confirm : namely, that in subculture the organism 
‘ prend un aspect bizarre, tourmentd (formes gigantesques en poire, en massue, 
grands filaments contournds en S prenant mal la couleur et prdsentant par places 
de grosses granulations chromatiques) ’. My own inoculation experiments with 
oi’ganisms obtained from the blood and meningeal pus were entirely unsuccessful. 

Organisms identical with the B. influenzae have been obtained in 
cultivations made from the pus of cases of otitis media, and in four cases 
recently at St. Bartholomew’s Hospital in pus from the antrum of Highmore. 
In three of these cases I obtained pure cultures without any difficulty ; no other 
organism appearing in the culture tubes, although a few Gram-positive cocci 
were seen in the smears. The organisms thus obtained, even when subcultivated 
for long periods, never presented the bizarre involution forms to which Cohen 
refers in the quotation given above and which I have seen in the meningeal cases. 
They were also quite innocuous to guinea-pigs. 


Conclusions. 

(1) There is a general consensus of opinion that the organism originally 
described by Pfeiffer as the B, influenzae is the cause of epidemic influenza. 

(2) That in epidemic influenza it is rarely found in the blood, except as an 
agonal phenomenon. 

(3) That nevertheless, in certain cases of endocarditis and of septicaemia, an ' 
organism identicjil in all respects with B. influenzae can be isolated, and is in all 
probability the cause of the illness. 

(4) That organisms identical in all respects with the B. influenzae are found 
in a number of patients who die of the acute specific fevers, especially in the 
broncho-pneumonic areas. 

(5) That Bordet’s bacillus, an organism identical in shape and size with the 
B. influenzae, but capable of differentiation in culture, is the probable cause of 
pertussis. 
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(6) That a bacillus identical with B. influenzae, both in morphological and 
cultural characteristics, but capable of differentiation by a study of its patho- 
genic effects upon animals, is the cause of a septicaemic form of cerebro-spinal 
meningitis. 

(7) That an organism identical in all respects, morphological, cultural, and 
pathogenic, with B. influenzae is a cause of suppuration in the middle ear and the 
sinuses of the nose. 

(8) Tliat a consideration of the foregoing propositions renders it certain that 
we must in future recognize that the organisms hitherto described as B. influenzae 
are not all identical with it, but, like the streptococci, staphylococci, and the coli- 
typhoid family, belong to a group the various members of which possess very 
different pathogenic powers. 
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HEREDITARY HAEMOPHILIA: 

DEFICIENCY IN THE COAGULABILITY OF THE BLOOD THE 
ONLY IMMEDIATE CAUSE OF THE CONDITION ^ 

By THOMAS ADDIS 

In 1896 Wright first definitely established the fact of the delayed coagula- 
tion of the blood in this disease. Since then it has been confih-med by Sahli, 
Morawitz and Lessen, Weil, Baum, Kottmann and Lidsky, Nolf and Herry, and 
others. No one using modem methods has found a normal coagulation time in 
haemophilic patients. But the constancy of this pathological feature does not 
exclude the possibility that there are other causes at work in producing the 
symptoms of the disease. There are certain difficulties in the way of accepting it 
as the sole cause. Indeed, when some of the clinical phenomena are considered, 
it would seem that a deficient coagulability of the blood is inadequate in itself 
to explain all the facta. If the blood in haemophilia were incoagulable then 
indeed it would not be necessary to look further. But it is not. On the 
contrary, very large clots form in the wounds of these patients, though blood 
may continue to ooze from them for hours or days. If then the diminution in 
coagulability is not of such a degree as to prevent coagulation in the wound, how 
can it be regarded as the direct cause of the continuance of the haemorrhage ? 
Again, how does it account for the fact that the wound cavity may soon be 
filled with clot which completely arrests the bleeding, and that nevertheless 
hours later haemorrhage may recur and continue indefinitely ? Surely during 
the peiiod when the bleeding had ceased, the blood in the wound must have 
had ample opportunity for complete coagulation? These difficulties might be 
explained by assuming that there was a deficient formation of fibrin, so that the 
clot was loose and easily dislodged ; but this appears to be negatived by the 
results of Sahli’s experiments. He showed that, ex vitro at least, the fibrin 
formed in the delayed coagulation of haemophilic blood was as great in amount 
as that produced in the more rapid clotting of normal blood, and that it is im- 
possible to distinguish one clot from the other, both are equally firm and dense. 

Wright, though holding fast to the deficient coagulability as the proxi- 
mate cause, recognizes that it does not explain all the facts. Sahli, who attempts 
a complete theory of the condition, is obliged to assume a hypothetical chemical 
defect in the tissues of the vessel walls, which consists of an absence in them of 
the substance, thi'ombokinase, which normally initiates the process of coagu- 

1 The work in connexion with this paper has been done under the conditions of tenure 
of a Carnegie Research Scholarship. 

[Q.J.M, Oct., 1910.] 
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Ifttiou. In this way he explains the continnanco of haomorrliago in spite of 
clotting in the wound, for no clot forms in the ruptured vessels themselves, 
although it may occtir when the blood leaves them and comes into contact with 
the extmvascular tissues of the wound. This assumption, however, is purely 
speculative and unsupported by any experlmontal data. Morawitz and Lessen 
found that the addition of thrombokinase to haomophilic blood causes a very 
rapid coagulation. From this fact they conclude that the delay in coagulation 
is due to a deficiency of thrombokinase in the tissues in general. In a sub- 
sequent paper I shall bring forward results from which it may be concluded 
that they are mistaken in this view, but assuming it to bo correct, the above 
objections still remain to the defective coagulation thus explained being the sole 
cause of the phenomena seen in the haemorrhages in haemophilic subjects. 
Sahli’s theory is certainly the most complete, and yet Dahlgren in a paper 
published last year, in which he describes the death from loss of blood of three 
haemophilics, is unable to accept it. He asks how, if it is true, the recurrence 
of bleeding after its complete cessation is to be explained, and why the amount 
of bleeding should be so variable, sometimes contimiing for a long time from 
a slight cut, at other times ceasing more quiekly from a much more extensive 
wound. The general opinion of most of those who have had an opportunity of 
watching the onset and development of haemorrhages in haemophiba is that 
there must be some other factor at work, such for instance as an abnoi-mal 
fragility of the capillaries, whose mode of action must be made clear before 
a complete explanation of aU the phenomena of the disease can be said to have 
been attained. 

All are agreed, however, that the defect in coagulation is the only constant 
pathological sign of the disease. The object of the present paper is to brintr 
forward evidence that it is not necessary to go beyond this fact in the search for 
the proximate cause of haemophilia. It will be shown that there is a direct 
relation between the severity of the symptoms and the degree of retardation of 
coagulation ; that after the lapse of some time the blood flowing from a wound 
in a haemophilic still shows the characteristic delay in clotting, and that this is 
well marked even in recurrent haemorrhage from wounds in which coagulation 
has taken place. Finally, the peculiarity of the clot which forms in haemophilic 
wounds is described, and it is shown how bleeding may continue in spite of it, 
or may cease only to recur. This abnormality in the nature of the coagulation 
arises as the direct result of the great prolongation of the time required for 
coagulation to complete itself. This therefore, it is maintained, is the sole 
proximate cause of haemophilia, sufficient in itself to explain all the symptoms. 

I. The coagulation time of the blood. 

Twelve cases were examined. They were descended from six different 
haemophilic stocks in Scotland, England, and Germany. In none of these 
families was there any known instance of a departure from the characteristic 
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type of transmission, i. e. through the females to the males. Full clinical 
accounts of several of these cases have been or vjill he published. A short sketch 
of their histories will be found at the end of this paper. 

The coagulation time of the blood of people in health is constant.. The 
actual time required depends on the temperature and the method by which it is 
estimated. The method mainly used was a modification of McGowan’s method 
(1), and the temperature was 20° C. Under these circumstances normal blood 
coagulates in 10 minutes. Variations between 9 and 11, minutes occur and are 
due to experimental error. These figures are based on observations (1) in which 
every coagulation time represented an average of three consecutive estimations, 
but in the following times found in haemophilic patients each figure is a single 
observation and not an average. 

Case 1. 



Coagulation 

Date. 

Coagulation 


Coagulation 

Date. 

time in minutes 

time in minutes 

Date. 

time in minutes 


and seconds. 


and seconds. 


and seconds. 

Sept. 18 

9. 0 

Sept. 23 

17.45 

Sept, 25 

15.15 

12.30 

19.15 

13.45 


10.45 


12.45 


13.45 

Sept. 20 

16.15 

Sept. 24 

9.30 

Sept. 27 

15.45 

16.45 

9.45 

16.80 


21.45 


11.30 

Oct. 11 

17.30 

Sept. 21 

12.15 


(5 hours later) 


18.30 

11.15 


15.45 


16.30 


15.15 


14.15 

Oct. 18 

18.30 

Sept. 22 

13. 0 


15.45 


21. 0 

15. 0 




20. 0 


15. 0 






Case II. Three estimations were made. Times of 16 min. 15 sec., 13 min. 
45 sec., and 15 min. 45 sec. were obtained. 


Coagulation 
Date. time in 

minutes. 

Aug. 21 62 

59 

Aug. 22 53 

58 
50 

50 

Aug. 23 50 

51 
49 

Aug. 24 63 

70 


Coagulation 
Date. time in 

minutes. 

Sept. 19 53 

59 
63 


Cose III. 

Coagulation 

Date. time in 

minutes. 

Aug. 25 80 

52 

Aug. 26 74 

61 

Aug. 30 86 

87 

Aug. 31 91 

Sept. 4 71 

62 

Sept. 5 75 

87 

Case IV. 

Coagulation 

Date. time in 

minutes. 

Sept. 22 90 

78 
84 
96 



Coagulation 

Date. 

time in 


minutes. 

Sept. 8 

55 

Sept. 10 

55 


55 

Sept. 11 

57 


84 

Sept. 18 

54 

Sept. 19 

71 


60 

Sept. 23 

77 


75 


Coagulation 

a; r 


Date. 

time in 
minutes. 

Sept. 23 

44 


96 
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Case V. 



Coagulation 


Coagulation 


Coagulation 

Date. 

time in 

Date. 

time in 

Date. 

time in 


minutes. 


minutes. 


minutes. 

Sept. 15 

40 

Sept. 16 

56 

Sept. 20 

79 


36 

Sept. 18 

59 


80 


38 


49 

Sept, 23 

43 






60 


Case VI. The coagulation times were 72 min. and 73 min. Five days 
later a time of 87 min. was found. 

Case VII. In this case two estimations gave times of 71 min. and 55 min. 

Case VIII. The times were 70 min., 74 min., and 72 min. 

Case IX. The times were 79 min., 92 min., 85 min., and 83 min. 

Case X. The times were 71 min., 63 min., 61 min., 75 min., 68 min., and 
64 min. 

C'ase XI. The coagulation time with my method was as a rule between 30 
and 40 minutes. 

In this case the method of Morawitz and Bierich was also used. A hollow 
needle sterilized by heating in liquid paraffin was inserted into the median 
basilic vein, and about 2-5 c.c. of blood was run into each of a series of test-tubes, 
which were then kept at a constant temperature until they could be inverted 
without spilling. The coagulation time was the period elapsing between this 
point and the time at which the blood was drawn. When the temperature was 
30° C. times of 43 min,, 45 min., 47 min,, 48 min., 47 min., 47 min., 44 min., 
46 min., 44 min., 42 min., and 42 min. were obtained. An experiment carried 
out under the same conditions on normal blood gave times of 18 min., 20 min., 
20 min,, 18 min., 17 min., 17 min., 17 min., and 17 min. 

A week later the coagulation time was again taken with this method, but 
the temperature was 37° C. The results were 46 min., 52 min., 52 min., 45 min., 
51 min., and 53 min. With normal blood the times were 13 min., 12 min. 45 sec., 
14 min. 30 sec., 12 min. 15 sec., 14 min., and 13 min, 45 sec. 

Case XI I 

Feb. 24. 70 min., 65 min., 75 min., 80 min., and 72 min. 

Feb. 28. 86 min., 60 min., 45 min., 87 min., 86 min., and 65 min. 

March 2. 75 min., 80 min., 85 min., 63 min., and 89 min. 

March 4. 53 min., 59 min., 58 min., 70 min., 75 min., and 57 min. 

These results show conclusively, therefore, that there is a delay in the 
coagulation of haemophilic blood, a delay which in some cases is very pro- 
nounced and which far exceeds any retardation of coagulation observed in other 
diseases (2). 

But although the fact that there is a great delay in coagulation is quite 
clearly and definitely shown, the actual figures are obviously only very 
approximately correct, for there are often wide variations even in the results of 
consecutive observations. The experimental error must certainly be a very 
large one. Nevertheless there can be no doubt as to the substantial reliability 
of the method, when a number of determinations are made and the average is 
taken as representing the coagulation time. In Case XII the coagulation 
times were taken by this method, and also with the method of Morawitz 

[<?. J. M., Oct., igio.] 
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type of transmission, i. e. tkrough the females to the . males. Full clinical 
accounts of several of these cases have been or will be published. A short sketch 
of their histories will be found at the end of this paper. 

The coagulation time of the blood of people in health is constant., The 
actual time required depends on the temperature and the method by which it is 
estimated. The method mainly used was a modification of McGowan’s method 
(1), and the temperature was 20° C. Under these circumstances normal blood 
coasrulates in 10 minutes. Variations between 9 and 11, minutes occur and are 
due to experimental error. These figures are based on observations (1) in which 
every coagulation time represented an average of three consecutive estimations, 
hut in the following times found in haemophilic patients each figure is a single 
observation and not an average. 


Case 1. 



Coagulation 


Coagulation 


Coagulation 

Date. 

time in minutes 

Date. 

time in minutes 

Date. 

time in minutes 


and seconds. 


and seconds. 


and seconds. 

Sept. 18 

9. 0 

Sept. 23 

17.45 

Sept, 25 

15.15 

12.30 

19.15 

13.45 


10.45 


12.45 


13.45 

Sept. 20 

16.15 

Sept. 24 

9.30 

Sept. 27 

15.45 

16.45 

9.45 

16.30 


21.45 


11.30 

Oct. 11 

17.30 

Sept. 21 

12.15 


(5 hours later) 


18.30 

11.15 


15.45 


16.30 


15.15 


14.15 

Oct. 18 

18.30 

Sept. 22 

13. 0 


15.45 


21. 0 

15. 0 




20. 0 


15. 0 

Case II. Three estimations were made. Times of 16 min. 15 sec., 13 min. 
45 sec., and 15 min. 45 sec. were obtained. 


Case III. 



Coagulation 


Coagulation 


Coagulation 

Date. 

time in 

Date. 

time in 

Date. 

time in 


minutes. 


minutes. 


minutes. 

Aug. 21 

62 

Aug. 25 

80 

Sept. 8 

55 


59 


52 

Sept. 10 

55 

Aug. 22 

53 

Aug. 26 

74 


55 


58 


61 

Sept. 11 

57 


50 

Aug. 30 

86 


84 


50 


87 

Sept. 18 

54 

Aug. 23 

50 

Aug. 31 

91 

Sept. 19 

71 


51 

Sept. 4 

71 


60 


49 


62 

Sept. 23 

77 

Aug. 24 

63 

Sept. 5 

75 


75 


70 


87 





Case IV. 




Coagulation 


Coagulation 


Coagulation 

Date. 

time in 

Date. 

time in 

Date. 

time in 


minutes. 


minutes. 


minutes. 

Sept. 19 

53 

Sept. 22 

90 

Sept. 23 

44 


59 


78 


96 


63 


84 






96 
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Coagulation 


Coagulation 


Coagulation 

Date. , 

time in 

Date, 

•time in 

Date. 

time in 


minutes. 


minutes. 


minutes. 

Sept, 15 

40 

Sept. 16 

66 

Sept. 20 

79 


36 

Sept. 18 

59 


80 


38 


49 

Sept. 23 

43 






60 


Oase VI. The coagulation times were 72 min. and 73 min. Five days 
later a time of 87 min. was found. 

Case VII. In this case two estimations gave times of 71 min. and 55 min. 

Case VIII. The times were 70 min., 74 min., and 72 min. 

Case IX. The times were 79 min., 92 min., 85 min., and 83 min. 

Case X. The times were 71 min.j 63 min., 61 min., 75 min., 68 min., and 
' 64 min. 


Case XI. The coagulation time with my method was as a rule between 30 
and 40 minutes. 

In this case the method of Morawitz and Bierich was also used. A hollow 
needle sterilized by heating in liquid paraffin was inserted into the median 
basilic vein, and about 2-5 c.c. of blood was run into each of a series of test-tubes, 
which were then kept at a constant temperature until they could be inverted 
without spilling. The coagulation time was the period elapsing between this 
point and the time at which the blood was drawn. When the temperature was 
30° C. times of 43 min., 45 min., 47 min., 48 min., 47 min., 47 min., 44 min., 
46 min., 44 min., 42 min., and 42 min. were obtained. An experiment carried 
out under the same conditions on normal blood gave times of 18 min., 20 min., 
20 min., 18 min,, 17 min., 17 min., 17 min., and 17 min. 

A week later the coagulation time was again taken with this method, but 
the temperature was 37° C. The results were 46 min., 52 min., 52 min., 45 min., 
51 min., and 53 min. With normal blood the times were 13 min., 12 min. 45 sec., 
14 min. SO sec., 12 min. 15 sec., 14 min., and 13 min. 45 sec. 

Case XII. 

Feb. 24, 70 min., 65 min., 75 min., 80 min., and 72 min. 

Feb. 28. 86 min., 60 min., 45 min., 87 min., 86 min., and 65 min. 

March 2. 75 min., 80 min., 85 min., 63 min., and 89 min. 

March 4. 53 min., 59 min., 58 min., 70 min., 75 min., and 57 min. 


These results show conclusively, therefore, that there is a delay in the 
coagulation of haemophilic blood, a delay which in some cases is very pro- 
nounced and which far exceeds any retardation of coagulation observed in other 
diseases (2). 

But although the fact that there is a great delay in coagulation is quite 
clearly and definitely shown, the actual figures are obviously only very 
approximately coiTeet, for there are often wide variations even in the results of 
consecutive observations. The experimental error must certainly be a very 
large one. Nevertheless there' can be no doubt as to the substantial reliability 
of the method, when a number of determinations are made and the average is 
taken as representing the coagulation time. In Case XII the coagulation 
times were taken by this method, and also with the method of Morawitz 

t<?. J. M., Oct., igio.] 0 
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and Bierich, at a time "svlien livide variations in coagulability were taking 
place as tbe result of tberapeutic injections, and the results agreed well 
witb eacb other. Smaller variations, such as perhaps occur under physio- 
logical conditions in these patients, are, however, obscured by the experimental 
error. The clinical histories of some cases of haemophilia suggest a certain 
periodicity in the appearance of the symptoms, and it is quite possible that 
these depend on vaiiations in the coagulability of the blood. To determine 
whether there are in reality changes in the time. Dr. Finlay and I have com- 
menced independent observations on the same days with the two methods in 
Case Xn. So far our results agree closely and show some degree of variation, 
but the point cannot be said as yet to be settled. 

II. The relation helvjeen the severity of the symptoms and the coagulation 

time of the blood. 

Clinically the cases fall naturally into three groups. The first is that in 
w'hich the patients were scarcely ever free, for any length of time, from some 
sign or other of the disease, even in the absence of any traumatic accident 
greater than those inseparable from ordinary Hfe. Gases III, IV, V, VI, VII, 
VIII, IX, X, and XII are included in this group. None of them, during the 
period when they were under observation, was sufiTering from any severe or 
disabling haemorrhage, but in all of them very slight degrees of trauma 
were sufficient to induce bleeding. For example, Case III knocked bis hand 
against an iron rail, and although the force with which he did so was not 
sufficient to lead to any appreciable pain, effusion took place into the metacarpo- 
phalangeal joint. He twisted his knee slightly coming downstairs, and it 
became swollen w'ith blood. On another occasion an effusion into the knee 
occurred, although he could not remember having hurt it at aU. In Case W also 
the slightest injury to his knees gave rise to pain and swelling, and the signs of 
fluid in the joint. In him and in Case V small puncture wounds in the fingers 
Avere followed by the development of haematomas. Case VI brushed his arm 
against the door when leaving a room, and next day a bruise had appeared. 
Case XII was confined to bed, but even here there was bruising which was 
evidently the result of his raising himself from the bed on his elbows. In all 
these cases it was the exception not to find a bruise on some part or other of the 
body, or an effusion into one or more joints. 

The second group is that in which trivial accidents did not lead to observ- 
able haemorrhage. Case XI is the only one who comes in this group. He was 
often free from all symptoms for weeks on end. The maximum of trauma 
which led to bruising in him was considerably greater than that necessary to 
produce it in the cases of the first group. For instance in Case VI the applica- 
tion of a modei-ately tight bandage on the arm was followed by bruising, yet in 
Case XI, though bandages quite as firm were often applied, there was never the 
least ti-ace of bruising. Again, on one occasion in drawing off blood from a vein 
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in the arm in Case VI, the needle, instead of going directly through the skin into 
the vein, ran into the subcutaneous' tissues. A small haematoma appeared and 
there •was deep staining of the skin from the ■wrist to the axilla. A similar 
accident occurred once or twice with Case XI, but there was never any haema- 
toma and the amount of bruising was very slight. 

In the third group a still gi’eater degree of injury was required to lead to 
any appreciable amount of haemorrhage. The only practical difference between 
the patients in this group and ordinary individuals was that on the occurrence 
of such a wound or injury as would always produce an appreciable amount of 
bleeding in any one, the bleeding in them persisted for a longer time. Cases I 
and II are in this group. In both of them there had been no sign for years that 
they were in any way different from other people. This, however, was only due 
to the fact that for a long time they had not sustained any severe injury. For 
when Case I had a tooth extracted the bleeding persisted for 10 days, and 
showed that his long freedom from symptoms was only a matter of degree, and 
was not an indication that he was completely normal. 

As regards the severity of the disease, therefore, the cases are clearly 
separable into the three groups of severe, moderate, and slight cases. If the 
deficiency in coagulability is in itself sufficient to explain the symptoms, it would 
follow that the severer the manifestations of the disease the longer the coagulation 
time would be, and ■vice versa. That such in fact is the case ■will be seen in the 
following table, in which each case is grouped according to the degree of incidence 
of the clinical sj'mptoms, and the average coagulation time of aU the observations 
taken on the case is given : — 

Moderate symptoms. Slight symptoms. 

Case XI = 36 min. Case I = 15 min. 

„ II = 15 min. 15 sec. 


Severe symptoms. 

Case III = 68 min. 
,, IY=74 „ 

„ V = 54 „ 

„ VI -77 
„ VII -63 „ 

„ VIII -72 ,. 

„ IX = 85 „ 

„ X — 67 ,, 

„ XII = 70 „ 


I TT . A consideration of the process of coagulation in normal and 

haemophilia wounds. 

The coagulation times which have been given are a measure of the time 
required for the clotting of the first drop of blood issuing from a small puncture 
wound, but they do not give any indication of the changes in coagulability 
which take place in blood flowing from a wound, from the moment when it is 
inflicted up to the time when such an amount of clot has formed that the 
bleeding ceases. Under normal circumstances there is a rapid and progressive 
increase in the coagulability of each successive specimen of blood ; the first drop 
takes the longest time and the last coagulates practicaUy instantaneously. But 

0 2 
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before comparing this with the results obtained by similar observations on blood 
from haemophilic wounds, it will be of advantage briefly to consider the present 
position as regards the physiology of coagulation and the explanation which 
is advanced of this progressive acceleration of the rate of coagulation. 

There have been in the past many theories of the coagulation of manimalian 
blood which are now discredited or greatly modified, but certain facts remain, 
though the interpretation of their meaning and significance has changed. These 
essential facts can be put very shortly. Coagulation is the formation of fibrin. 
There are four factors necessary — fibrinogen, prothrombin, thrombokinase, and 
calcium. By the interaction of the last three thrombin is produced, and thrombin 
acting on fibrinogen precipitates fibrin. Fibrinogen is a globulin in solution in 
the plasma. The action of thrombin upon it is generally believed to consist in 
a cleavage of the molecule into two parts — serum-globulin, which is soluble, and 
fibrin, which is insoluble. Prothrombin ? is a substance of unknown chemical 
constitution, present in circulating blood. In itself it has no action on fibrinogen, 
but in the presence of thrombokinase and calcium, after a certain interval of 
time, a change is found to have taken place in its physical and chemical 
properties and the new body, thrombin, is formed, whose action on fibrinogen has 
been noted. Thrombokinase ^ is also of unknown chemical constitution. It 
is not found in the plasma of the circulating blood, but is present in the tissues, 
particularly those rich in nucleo-proteins, and in the formed elements of the 
blood. Without it no thrombin can be formed. The greater the quantity 
of thrombokinase added to the blood from the tissues or formed elements, the 
more rapid is the change of prothrombin into thrombin. Calcium salts are also 
essential for the formation of thrombin. Thrombin, the result of the action 
of thrombokinase and calcium on prothrombin, is often called fibrin ferment, but 
this is an unfortunate term, since it does not possess all the properties of 
a ferment. Thus it acts quantitatively, that is to say, a measured quantity will 
coagulate a certain definite amount of fibrinogen and no more. In the act of 
coagulating the fibrinogen it becomes attached to the fibrin, and most of it 
is precipitated with it. That part which remains free after all the fibrinogen has 
been coagulated disappears after a short time. This is generally ascribed to the 
action of a substance in the plasma which is termed anti-thrombin. Although 
thrombokinase and calcium are necessary for the building up of thrombin, they 
are not required for its action once it has been formed. All fibrinogen-containing 
fluids, whether they contain thrombokinase and calcium or not, are coagulated 
when thrombin is added to them. Time is required for the fonnation of thrombin, 
but the action of thrombin once formed is practically instantaneous. 

Work on coagulation has centred round the theory which Schmidt advanced 
towards the end of last century, after a lifetime of work devoted to this subject. 

’ Prothrombin -was the term originally used by Alexander Schmidt, but it has been called 
thrombogen by Morawitz and plasmozyni by Fuld. 

’ Corresponds to the zymoplastic substance of Schmidt, the cytoplasm of Fuld, the tissue 
coagulin of Loeb, and the thrombozym of Nolf. 
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Although further research has shown him to be mistaken in many ^details, yet 
the general outline of his theory remains and is now only more firmly established. 
Morawitz and Fuld, as the i-esult of much painstaking work, were able to clear 
away, many errors and misconceptions, but their elaboration of Schmidt’s theory 
is recognized by them as not being entirely final. There remained unexplained 
and puzzling discrepancies in the work of difierent investigators, and some details 
in the various phenomena of coagulation were still not quite clear. 

There is now, however, a theory of coagulation founded on experimental 
work of the most conclusive character which explains all these difficulties. 
Mellanby’s work ends a period in the history of the gradual growth of knowledge 
in this department; it completely answers the old questions, and in doing so 
raises new problems for the future. The I’eason for his success lay in the fact 
that he was able to isolate the difierent factors concerned in coagulation, while 
the obscurity and variability of the older results were due to a want of precise 
knowledge as to the contents of the fluids with which these results were obtained. 
Solutions which were considered to contain only one of the constituents necessary 
for coagulation wore often mixtures of two of more of these principles in varying 
proportions. It is indeed to be wondered at that with such confusion at the very 
basis of their work, they should, nevei-theless, have arrived at conclusions which 
lie so near the truth., As an example of this confusion, Schmidt’s thrombin, 
which has been accepted as the standard thrombin solution, is now proved 
to contain a varying quantity of thrombin, sometimes none at all, and its 
coagulative action is shown to be often due to the thrombokinase and calcium, 
whose presence in it were unsuspected. The meta-thrombin, on which Morawitz 
in his theory lays such stress, is proved to be thrombokinase. But the most 
impoifant fact that Mellanby has established, and the one which more than any 
other makes clear the difficulties into which other observers have been led, is the 
relation which exists between fibrinogen and prothrombin. Fibrinogen solutions 
were usually assumed to contain fibrinogen only, whereas in reality prothrombin 
was present. In whatever way fibrinogen is obtained, prothrombin is always 
found associated with it,^ and further, the amount of prothrombin is directly 
proportional to the amount of fibrinogen. The prothrombin is in a condition of 
absorption in the fibrinogen molecule, and the only way in which a solution 
of prothrombin can be obtained free from fibrinogen is by coagulating fibrinogen 
by the addition of a foreign thrombin. The molecule is then broken up, fibrin is 
precipitated, prothrombin is set free, and is found in the fluid expressed from the 
clot. Such a fluid has no coagulating action, except in the presence of calcium 
salts and thrombokinase, when it becomes a thrombin solution with very marked 
coagulating powers. 

Mellanby’s theory, very shortly expressed, is as follows : The circulating 

■ * Prothrombin appears to be more easily destroyed than fibrinogen, and so it comes that it 
is possible to'prepare fibrinogen solutions in -which the contained prothrombin is no longer 
capable of activation to thrombin. Such solutions coagulate only -when preformed thrombin 
is added to them. 
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blood contains fibrinogen -with its absorbed prothrombin, calcium salts, and anti- 
thrombin. No coagulation takes place because of the absence of thrombokinase. 
When the tissues are wounded, the injury or destruction of the cells leads to the 
setting free of thrombokinase. In its presence the calcium salts unite with the 
prothrombin, and thrombin is formed. On account of the close molecular relation 
which exists between this newly formed thrombin and the fibrinogen it escapes 
the neutralizing action of the anti-thrombin, and fibrin is quickly formed by 
its action on the fibrinogen. Most of the thrombin is precipitated with the 
fibrin. Any fresh blood forcing its way through the clot is coagulated by 
thrombin, and prothrombin is thus set free, but if no thrombokinase reaches it no 
fresh thrombin is formed. The production of thrombin is therefore strictly 
limited to the sphere of the thrombokinase. That part of the thrombin which 
is not carried down in the fibrin is gradually neutralized by the anti-thrombin. 
‘ The whole mechanism of coagulation is admirably adapted to produce large and 
rapid clotting within a wounded area, but to stop the process immediately beyond 
the confines of the injured tissues.’ 

Mellanby’s theory is in the main that of Morawitz and Fuld, simplified, and 
at some points enlarged, and now for the first time freed from uncertainty and 
speculation. In the light of this theory the process of coagulation in wounds in 
normal and in haemophilic people may now be compared. 

The following figures represent the changes in the coagulation of blood 
flowing from a wound in a normal person. A deep puncture was made into the 
thumb and the coagulation time of successive specimens of the outflowing blood 
was determined. 


Length of time after making the wound at 
which the specimen of blood was taken. 

Coagulation time. 

Remarks. 

min. 

sec. 

min. 

sec. 


0 

0 

12 

45 


0 

30 

9 

30 


1 

15 

3 

15 


2 

15 

1 

30 


2 

30 

0 

15? 


2 

45 

— 

— 

No more blood c 
be obtained 


How is the rapid increase in the coagulability of each successive specimen 
of blood to be explained 1 Of the four factors in coagulation — ^fibrinogen, pro- 
thrombin, calcium, and thrombokinase — the first three, being already present in 
the blood, were necessarily constant. The only variable was the thrombokinase 
added to the blood from the injured tissues. The first specimen of blood spurting 
out instantaneously from the capillaries was in contact with the tissues for 
only a very short time, and, as a consequence, took up a small amount of 
thrombokinase. With eacb successive specimen not only was the flow of blood 
becoming progressively slower but more and more thrombokinase had time to 
exude from the injured tissue cells. Now the rate of the change of prothrombin 
into thrombin, other things being equal, depends on the quantity of thrombo- 
kinase; the more thrombokinase the more rapid the production of thrombin. 
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The increasing coagulability, then, was due to increasing amounts of thrombo- 
kinase. But this does not account for the instantaneous coagulation of the last 
specimen.® For even -with large' quantities of thrombokinase the formation 
of thrombin requires some time, it is not instantaneous. Only where preformed 
thrombin is added to it does blood coagulate immediately. But such preformed 
thrombin must have been derived from the previous coagulation of blood in the 
wound. Further the clotting must have been only partial, or no more blood 
would have flowed. This free thi'ombin came from the coagulation of the blood 
adherent to the sides of the wound. There the flow was slowest and there the 
concentration of thrombokinase was highest. It thus came about that the 
prothrombin of this part of the blood had time to change into thrombin before 
it was forced out of the wound. Immediately this was accomplished the newly 
formed thrombin coagulated the fibrinogen with which it was associated. Most 
of it was precipitated with the fibrin, but enough escaped partially to clot 
the blood in the centre of the wound, which slowly escaped from the wound, and 
was the last specimen obtained. But this was the end of the haemorrhage. 
The activation of prothrombin was proceeding, and immediately afterwards 
enough thrombin had been set free to completely coagulate aU the blood in the 
wound. No more blood could then he forced out even by pressure. 

The cessation of bleeding, then, was due to two forms of coagulation, which 
for convenience of description may be called primary and secondary. In the 
primary coagulation the blood Avas coagulated by the activation of its own 
inherent prothrombin. Each molecule of fibrinogen was acted on by thrombin 
formed from the prothrombin which was present within the molecule itself. In 
the secondary coagulation the blood was coagulated by preformed extraneous 
thrombin derived from the primary coagulation of another part of the blood. 
Its own prothrombin took no part in the process. 

That is the course of events as they occur in a wound in a normal person. 
What happens when a similar wound is made in a haemophilic? A puncture 
wound, as far as possible of the same depth and extent, was made into the 
thumb of Case III and the coagulability of successive specimens of blood was 
estimated in the same way. 


Length of time after making the wound at 
which the specimen of blood was taken. 

Coagulation time. 

Bemarks. 

min. 

sec. 

min. 

sec. 


0 

0 

80 

0 


0 

15 

60 

0 


0 

30 

44 

0 


0 

45 

32 

0 

Bleeding stopped ® 
Expressed blood 

2 

45 

28 

0 

7 

0 

12 

30 

Expressed blood 

12 

0 



No more blood could 
be expressed 

' The coagulation time is put down as 15 

sec., but this is simply the shortest time in which 


it was possible to determine the presence of fibrin. 

' This cessation of haemorrhage was due to mechanical causes. 'Whenever the pressure 
of the outflowing blood fell sufBciently, the skin closed over the wound and prevented the exit 
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■Here also there is the same progressive increase in coagulability. It happened 
that the very last drop of blood before complete coagulation set in was 
not obtained, hut, if it had been, the instantaneous coagulation seen in the last 
di’op from the wound in the normal person would also have been observed here. 
The difference is one of degree only, though it is a very marked one. For the 
last specimen of blood obtained, some of which had remained in the wound in 
contact with the tissues for nearly five minutes, did not show the immediate 
coagulation which was found in normal blood after two and a half minutes in 
spite of the fact that in that wound the blood was being constantly forced out by 
fresh blood. The difference is much greater than the figures themselves indicate, 
and reveals a great delay even under these most favourable circumstances in the 
formation of thrombin in haemophilic blood. It may be objected that this is 
not the only explanation, for thrombin might have been formed, but yet have 
been inefficient or unable to act because of some fault in haemophilic fibrinogen, 
I hope to enter fully in a subsequent paper into the cause of the delay of 
coagulation in haemophilic blood, and there I shall show in detail that haemo- 
philic blood is quite as easily and readEy coagulated by haemophilic thrombin 
as is normal blood by normal thrombin. The only possible explanation then is 
that the thrombin took an abnormally long time to form. 

This fact alone goes some way towards explaining the length of time during 
which haemorrhage may continue in haemophilia, although, as will be shown, it 
is not in itself a sufficient reason. In this particular instance, bleeding was 
stopped mechanically by the closing of the skin over the mouth of the wound, 
and time was given for thrombin to form in the blood enclosed in the cavity of 
the wound. If, however, an incision had been made of such an extent as to 
allow the skin to retract and leave the wound open, it is easy to see that 
bleeding might have continued for a long time without there being any chance 
of the blood coagulating. 

But the special characteristic of haemorrhages in haemophilia, and the point 
which is difficult to understand, is that in spite of the sometimes massive format 
tion of firm clots in and around the wound, the bleeding still continues or ceases 
for a time onlj’- to recur. Thus in Case I, who had had a tooth extracted, the 
bleeding went on for ten days, and, but for treatment, would have continued for 
a still longer time, although large clots formed and adhered firmly to the con- 
tused gum. Fresh blood filtered up slowly and continuously through the clot 
and ran over into the mouth. How is the continuance of bleeding to be explained 
in such a case ? How can it be attributed to any deficiency in the coagulability 
of the blood since firm coagulation has nevertheless obviously taken place 1 

And yet, paradoxical as it may appear, it is because of the coagulation that 
the bleeding continues. In such wounds in haemophilics coagulation is local 
instead of general. Only that part of the blood which is in immediate contact 

of any more blood. On account of this plugging of the wound by the elastic recoil of the 
tissues it is possible wth safely to introduce small hollow needles into the veins of haemo 
philics for the purpose of obtaining blood. 
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with the tissues coagulates. In doing so it forms a firm barrier against the 
access of more thromhokinase to the blood in the central part of the wound. 
Bleeding continues through a funnel of fibrin lining the sides of the wound. The 
reason why such a partial coagulation occurs in haemophilia will be made clearer 
by giving the details of an experiment on the effect on the coagulation time of 
haemophilic and normal blood of adding varying amounts of thrombokinase.'^ 
This was done by running vaiious dilutions of thrombokinase through the glass 
tubes immediately before they were filled with freshly drawn blood. That 
amount of thrombokinase which remained adhering to the walls of the tube 
mixed with the blood and exerted its effect. The temperature was 20° C. 


Coagulation time of the Coagulation time of the Coagulation time pf the 
blood of Case III. blood of Case IV. blood ofa normal person. 

Thrombokinase (The coagulation time (The coa^lation time (The coagulation time 
solution. without the addition of wthout the addition of without the addition of 
any thrombokinase was any thrombokinase was any thromhokinase was 



68 minutes.) 

' 74 minutes.) 

10 minutes.) 


min. 

sec. 

min. 

sec. 

min. 

sec. 

04% 

4 

30 

2 

•30 

2 

30 

3 

0 

2 

30 

2 

0 

0-1% 

5 

30 

5 

15 

3 

30 

6 

30 

4 

15 

3 

0 

0-5% 

7 

30 

7 

0 

4 

15 

8 

0 

7 

0 

4 

0 

0.2.5 % 

13 

30 

9 

0 

5 

45 

10 

so 

8 

15 

5 

15 

0.125 % 

24 

22 

45 

30 

17 

0 

6 

5 

30 

15 

0-062 % 

36 

41 

0 

0 

33 

23 

0 

0 

6 

5 

15 

45 

0-031 % 

47 

45 

0 

0 

48 

75 

0 

0(?) 

8 

8 

45 

0 

From these figures it is 

seen 

that while with large amounts 

of thrombokinase 


coagulation may be as rapid as that of normal blood, with smaller amounts, even 
such as are sufficient notably to accelerate the coagulation of normal blood, there 
is still a very prolonged coagulation time. 

This has an evident bearing on the question of the continuation of haemor- 
rhage in haemophilia in spite of the presence of clots in and around the wound. 
When an incision is made through the skin the blood streams from the vessels 
and fills the cavity caused by the retraction of the tissues. Thrombokinase 
comes from the injured cells and mixes with the blood which is in contact with 
the sides of the wound. It is here that there is the greatest concentration of 
thi-ombokinase and here also that the flow of blood is somewhat retarded. 
The coagulation of the part of the blood in contact with the tissues is thus 
markedly accelerated, so that it may coagulate and leave a film of fibrin adherent 
to the tissues. But in the more centrally situated blood the concentration of 

’’ The thrombokinase was obtained from a human testicle. The gland was stripped of its 
coverings and weighed immediately after its removal from the body. It was then ground up 
in a mortar with sand, extracted for some hours with that amount of distilled water which gave 
a solution of 4 per cent, and finally filtered and heated to 100° C. 
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thrombokinase is not so great. Now it has been shown in the above experiment 
that the formation of thrombin in haemophilic blood takes a long time even 
in the presence of considerable amounts of thrombokinase. This part of the 
blood is therefore driven out of the wound before sufficient thrombin has 
formed to coagulate it. The pressure of the out-flowing blood is sufficient 
to wash away the thrombokinase from the mouths of the severed vessels and 
continually to drive out before it the blood in the central part of the wound, 
which, though it does not contain so much thrombokinase, only requii-es time to 
coagulate. The layer of fibrin on the sides of the wound increases in thickness 
until the point is reached at which the amount of thrombokinase which 
penetrates through it is no longer sufficient to induce rapid coagulation. But 
this is not a complete picture of what occurs, for no account is taken of the 
thrombin liberated in the coagulation of this peripheral blood. There is no 
excess of anti-thrombin in haemophilic blood,® and the question, therefore, arises 
why, once some thrombin has been formed, coagulation does not occur throughout 
all the blood in the wound. This is simply a question of degree. Rettger 
has shown very clearly how the coagulation of blood by thrombin is a purely 
quantitative process, and I have repeatedly confirmed this point. A certain 
minimum amount of thrombin is necessai-y to produce any visibly coagulum at 
all. As the amount is increased the quantity of fibrin formed grows greater. 
Thi’ombin, therefore, does not act in this respect in the manner of a ferment, and 
though thrombin is produced in the wound the question whether or not it will 
coagulate the blood in the central part of the wound depends entirely on the 
quantity. If the coagulation at the periphery of the blood stream is taking 
place very slowly only small quantities of thrombin will be produced at 
any given moment, the coagulation induced wiU be partial, and the soft 
loose clot will be driven out with the stream of blood. Or, although partial, the 
clot may remain in the wound and stay to some extent the main force of the 
outflow, while still allowing some blood to trickle through its meshes. This is 
the usual condition in a wound of moderate severity in haemophilia. There are 
thus two clots in the wound : the one peripheral and duo to primary coagulation 
by the activation of the prothrombin by means of thrombokinase; a second 
central and distinct from the other, not onl}'^ in its position, but in the fact that 
it is a secondary coagulation due to extraneous thrombin liberated from the 
peripheral clot. Such a secondary clot has no power to induce coagulation. It 
contains no thrombokinase, and when all the thrombin has been neutralized 
blood coming straight from the vessels and free from thrombokinase may ooze 
through it without being in any way afiected. 

I do not maintain that in every case of prolonged bleeding in haemophilia 
there is this absolute distinction between the primary and secondary clots. 
Probably a certain amount of thrombokinase will be present even in the blood in 
the centre of the wound, for it must be remembered that thrombokinase arises 
not only from the tissue cells, but that a certain amount is also derived from the 
* The gronncls for this statement will he given in a subsequent paper. 
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formed elements of tLe blood -w^hen they are injured. But even though the 
sealing-off of thrombokinase is not absolute, the blood may take a very long time 
to coagulate, even if the flow of fresh blood from the vessels has been stopped by 
the secondary coagulum. With minimal amounts of thrombokinase the coagu- 
lation of haemophilic blood may take many hours to complete itself. If, during 
this period, the secondary coagulum is dislodged from the mouths of the vessels, 
by, for instance, a sudden rise of blood pressure, the bleeding will recur, and — 
since the access of large amounts of thrombokinase from the tissues is prevented 
by the peripheral primary layer of clot — may continue indefinitely. 

This explanation of the reason for the continuance of bleeding in haemo- 
philia in spite of the occurrence of coagulation in the wound was suggested by 
observations made on a haematoma which developed in Case IV. Some puncture 
wounds rather deeper than usual had been made into the extensor surface of the 
right thumb, in order to collect some blood from which to obtain serum. Bleed- 
ing ceased almost immediately, but three-quarters of an hour later, while he was 
washing his hands in hot water, quite brisk haemoiThage started from one of 
these wounds. It was apparent then that the stopping of the bleeding soon 
after the wound had been made had not been due to coagulation. It must rather 
be attributed to the elasticity of the skin, which by its recoil led to the close 
apposition of the lips of the wound and so to a mechanical prevention of further 
loss of blood. For when the skin was relaxed by hot water the wound opened 
and bleeding began again. Some cotton-wool steeped in freshly shed normal 
blood was applied and pressure exerted by a bandage. No blood soaked through, 
but when, three hours later, it was taken off, bleeding began again. Two 
estimations of the coagulability of the blood streaming from the puncture 
gave times of 48 min. and 49 min. Pressure again stopped the bleeding until 
an hour and a half later, when he took a hot bath. Shortly afterwards he came 
to me because blood was coming through the bandage. Blood was flowing 
freely, and whenever the lips of the wound were separated, a jet of blood spurted 
out, indicating that a small arteriole had been cut. The coagulation times of 
three specimens of blood from the wound were 43 min., 61 min., and 51 min. 

Now it was inconceivable that after all these hours there had not been 
ample time for the blood remaining in the wound to completely coagulate if 
it was in contact with the tissues and thus taking up large quantities of throm- 
bokinase from them. In Case IH, as has been shown, complete coagulation 
in the wound took place in twelve minutes. The only explanation appeared to 
be that in this case complete coagulation had only occurred locally. Only the 
film of blood in direct contact with the tissues, in which therefore the concentra- 
tion of thrombokinase was high, had clotted. The amount of thrombin set 
free from this primary coagulation had not been sufficient to completely 
coagulate the blood in the centre. A small pool of partially coagulated blood 
was left there in communication with the cut vessel and cut off from the tissues, 
and therefore from the access of thrombokinase by the peripheral primary clot. 
When the wound opened, this central blood was washed out and the flow 
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continued until pressure closed the lips of the wound again. It must he 
remembered that the coagulation times given of blood flowing from the wmund 
do not represent the actual time which each particular specimen of blood would 
have taken to coagulate if it had remained in the wound. For the contact 
of blood with glass, as I have shown elsewhere (3), has a great efieet in 
accelerating coagulation on account of the injurious action it exerts on the formed 
elements, which leads to the setting free of thrombokinase from them. In the 
wound itself there was no such foreign body, and if the shutting off of throm- 
bokinase was . absolute, and all the thrombin from the primary clot had been 
neuti'aHzed, the blood in the centre of the wound would have remained fluid 
indefinitely. 

The subsequent course of events appeared to confirm the correctness of this 
view. Pressure maintained for two days prevented any further bleeding, and 
when the bandage was removed the skin was found to have healed over the 
wound, but a small haematoma about 2 mm, in diameter had formed. Day by 
day this increased in size until on the sixteenth day it was a swelling as large 
as a walnut. Fluctuation was readily elicited in it. By this time the skin 
had begun to split, and blood was oozing from a rupture in a fibrinous membrane 
which w'as thus exposed. An incision was made into the swelling, and after 
cutting through a tough layer of fibrin the central portion was found to consist 
of a loose clot, in the meshes of which there was much uncoagulated blood. The 
haematoma thus showed itself to be in reality a false, aneurism, and the gradual 
increase in size to have been due to a slow stretching of the sac of fibrin by the 
pressure of blood from the severed arteriole, with which it was in direct 
communication. The loose central clot was due to partial secondary coagulation. 
All thrombin must long ago have disappeared. from it, not only by attachment to 
fibrin but also by neutralization by anti-thrombin. It would never have grown 
any firmer, and it had no coagulating effect on fresh blood flowing through it 
from the cut vessel. Surrounding it on aU sides and entirely cutting it off from 
contact with the tissues, and thus from all chance of the addition to it of 
thrombokinase, was the primary clot. It was extremely dense and firm, and was 
only separated from the tissues with some difficulty. After this had been done, 
a strong solution of human thrombokinase was applied to the raw area and 
continuous pressure kept up for some time. There was no further bleeding and 
rapid healing ensued. 

This type of coagulation in a wound is the direct result of the great delay 
in the formation of thrombin. The primary clot is laid down very slowly and 
gradually, because it can only occur where the concentration of thrombokinase 
is very high. It thus comes about that at no time is there a sufficient amount 
of thrombin liberated from it to produce complete secondary coagulation in the 
rest of the blood. In a person in whom the coagulation time of the blood is 
normal, as has been shown, thrombin rapidly forms in the presence of much 
smaller quantities of thrombokinase than are necessary to produce thrombin 
from haemophilic blood within a reasonable time. The primary clot is thus 
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much larger', and an amount of thrombin is irhmediately set free from it which is 
more than enough to cause complete coagulation of the remaining blood. 

But although it may be granted that the deficiency in the coagulability of 
the blood is sufiicient in itself to explain the phenomena observed in the 
persistent or recurring haemorrhages from wounds which are seen in haemo- 
philia, are there no other clinical manifestations of the disease which seem to 
point to the existence of some further factor in the causation of the condition? 
It may be said, for example, that the very slight degree of trauma which will 
produce extensive bruises, or large eSusiohs into joints in severe cases, is an 
occurrence which requires some further explanation than any mere fault in the 
blood itself. For before haemorrhage can occur there must be a lesion of the 
vessels. Surely the varying degrees of trauma which suffice to produce bruising 
in cases in which the condition is present in a severe, moderate, or slight form, 
point to a -varying liability to rupture in the capillaries ? It is true that there 
is no histological evidence of the presence of any constant or characteristic 
change in the walls of the vascular system in haemophilia, but an undue fragility 
of the capillaries might well exist, although it was not marked by any change in 
their microscopical appearance. Fragility of the capillaries is in itself an 
undoubted cause of haemonhage. It is not uncommon to meet with people 
in whom bi-uising is very easily produced, although the coagulability of their 
blood is entirely normal. 

But this assumption has been experimentally negatived by Morawitz and 
Lossen. By connecting a cupping-glass with a mercurial manometer they were 
able to deteimine the average amount of negative pressure which was required 
to produce .bruising in normal individuals, and it was found that just as great an 
amount of suction was necessary to lead to bruising in Case VII, who has been 
classified here as a severe case of haemophilia, and who bruised very easily with 
any direct trauma. 

Besides, the existence of any other factor than deficient coagulability is not 
necessary to explain these haemon-hages after very slight injuries. The feeling 
that there must be some other cause is at root due to the very widely spread 
idea that haemophilia is a disease in which haemorrhage is produced more easily 
than in healthy people, whereas in reality it is not. The real distinction 
between a haemophilic and a normal person is not in the occurrence but in the 
amount of the bleeding. A normal person sustains a slight blow on the arm. 
A few capillaries are ruptured, but they are sealed almost at once by coagulation, 
and there are no signs of bruising. A similar degree of violence applied to 
a haemophilic will not lead at the moment to any greater haemorrhage ; the 
d.ifference arises later when haemorrhage continues for some time, so that such 
an amount of blood enters the tissues that signs of bruising appear. 

Bleeding into a joint is often followed by a subacute inflammatory con- 
dition of the synovial membrane. Haemorrhage then arises with lesser degrees 
of trauma than are necessary when the membrane is healthy, and so it comes 
about that effusion may be produced into the joints of a haemophilic by 
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accidents, so trivial that they vrould not lead to any bleeding at all in a healthy 
joint. But the minimal degree of trauma necessary to cause haemorrhage into 
such a haemophilic joint will also lead to bleeding into the joint of a normal 
person in which there is an equal amount of synovial irritation. The end result 
will be different. In the haemophiUc there will be a visible effusion, and in the 
normal person there wiE be no signs of haemorrhage. The distinction lies in the 
longer continuance of the haemorrhage in the one case than in the other, and not 
in its original inception. 

The other theories of haemophOia, such as that it is due to disproportion 
between the quantity of blood and the size of the vessels, or that it is a 
manifestation of an organismal infection, &c., have been criticized by Sahli. 
They are for the most part purely speculative in character, and no practical 
evidence has been adduced in favour of any of them. For this reason, and in view 
of the positive evidence presented here, hereditary haemophilia is concluded to 
be directly due to a deficiency in the coagulability of the blood. 

That is the opinion which all those who have worked at the subject in 
recent years already hold,® and I have merely endeavoured to present a few 
further points in its support, for it is a matter of more than theoretical interest, 
since it I’aises the hope that researches into the cause of this defect in coagulation 
may yield knowledge on which an efficient treatment of the disease may be based. 
My thanks are due to the patients who, sometimes at the cost of some personal 
inconvenience, allowed these observations to be made. 

Conclusions. 

I. There is a deficient coagulability of the blood in each case examined. 

II. The degree of the defect in coagulation corresponds with the degree of 
the severity of the clinical symptoms. 

III. The coagulation of blood flowing from a wound is induced by thrombo- 
kinase added to it from the tissues, and the rapidity of coagulation varies 
directly with the amount of this thrombokinase. Much larger quantities of 
thrombokinase are required to produce rapid clotting in haemophilic than in 
normal blood. In a wound in a haemophilic, coagulation may therefore only 
occur in those parts where the concentration of thrombokinase is highest, i. e. on 
the sides of the wound. But this clot prevents the addition of further quantities 
of thrombokinase from the tissues, and when the amount of thrombin liberated 
from the primary clot is insufficient to lead to the complete coagulation of the 
blood in the centre of the wound, bleeding may continue indefinitely. 

IV. Haemorrhage is no more easily induced in a haemophilic than in 
a normal person. The distinction is not in the occurrence but in the amount of 
bleeding. 

" Nolf and Herry mast be excepted from this statement. In a paper published this year 
they revert to the idea of a special friability of the capillaries, believing that the delay in 
coagulation is not sufBcient to explain the internal haemorrhages and the easily produced 
bruising in haemophilics. 
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The Gases investigated. 

Case J. Male, aged 51. In his youth especially, he had suffered from all 
varieties of haemorrhage, for which he had been admitted to hospital no less 
than twenty-seven times, but for a number of years he had been entirely free 
from symptoms, so that shortly before I saw him he had ventured to have a tooth 
extracted. Serious haemorrhage followed and continued for ten days. He had 
two first cousins on his mother’s side of the family who were haemophilics. One 
of them had died of haemorrhage. 

Case II is a first cousin of Case V, and is a middle-aged man. He had had to be 
admitted to the hospital on seven oeeasions for continued haemorrhage, but for a 
long time he had not had haemon-hages. He considered himself to be quite cured. 

Case III was nineteen years old. He was the brother of Case IV, and 
the first cousin of Case V. So far as he knew the disease first became apparent 
when he was eighteen months old. This is a history which appears to be often 
given, and on this ground it has been supposed by some that the condition only 
develops some time after birth. But this freedom from symptoms during the 
first year is probably due to the care with which babies are handled. Dr, Nacko 
of Kirchheim told me that he could usually say at birth which members of the 
Mampel family were going to be haemophilics from the bleeding from the cord, 
which continued in them even after it had been firmly ligatured. Several cases 
had died of such haemorrhages. This particular case was seldom free from an 
effusion into one or other of his joints. He had had several severe and dangerous 
haemorrhages, notably one from a cut on the scalp which bled for a fortnight. 

For Gases IV and V I am indebted to Dr. Groves of Bristol, who has 
already published an account of their personal and family history in a paper on 
some of the surgical aspects of haemophilia. They were both cases with well- 
marked symptoms. 

Cases FJ, FJJ, VIII, and IX were members of the famous haemophilic 
family of Mampel, most of whose descendants still live in the village of 
Kirchheim near Heidelberg. The story of this family has been written several 
times in the last fifty years. The most recent account is by Lessen, who gives 
a family tree which goes back for many generations. 

Case VI was a middle-aged man in whom the improvement which some- 
times comes when youth is past was scarcely perceptible, although on the whole 
he considered himself to be rather better than when he was young. He was 
seldom, however, free from bruises, effusions into the joints, or bleeding from the 
gums. While he was under observation he suffered from an effusion into one of 
his elbow-joints and from several bruises following on trifling injuries. 

Case VII was the boy on an examination of whose blood Morawitz and 
Lessen based their paper on the causation of the deficient coagulability in 
haemophilia. Thej^ give a full clinical history. 

Case VIII was eleven years old and had a very similar history to his 
cousin. Case VII. Both were cases in which the symptoms were prominent. 

Case IX was sixteen years old. At the time I saw him he was suffering 
mainly from recurrent attacks of haematuria. He had a deformity of the forearm 
similar to that described by Dr. Groves in Cases IV and V. 

Cases X and XI were under the care of Dr. T. Y. Finlay, to whom I am 
indebted for the opportunity of observing them. 

Case X was a severe case. 

Case XI, who was from a different haemophilic stock, was the case described 
as being of onlj^ moderate severity. 

I have to thank Mr. J. M. Cotterill for giving me facilities to investigate 
the coagulability of the blood in Case XH. The clinical history and an account 
of other investigations in this case will appear later. He was a middle-aged 
man in whom the evidence of a haemorrhagic tendency was very pronounced. 
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A FUETHER ROTE ON HAEMATOPORPHYRINUEIA NOT 

DUE TO SULPHONALi 

By T. K. MONRO 

It has been remarked that haematoporphyrinuria, as shown by the work of 
Garrod and others, presents itself under three aspects : (1) Haematoporphyrin 
in minute quantity is a normal constituent of healthy urine ; (3) It is often 
present in increased quantity in disease without any noteworthy change in the 
colour of the urine ; (3) It may be present in great excess in urine whose colour 
is abnormal — ^pink, red, magenta, brown, or almost black. The thii-d class of 
cases, just described, falls into two groups : (a) In the larger group the haemato- 
porphyrinuria is a result of intoxication by a drug, such as sulphonal, trional, 
or tetronal; (6) In the smaller group no drug can be incriminated, but the 
haeniatoporphyrinuria may be associated with various other morbid states, or 
may be persistent during many years, or may be intermittent or paroxysmal like 
paroxysmal haemoglobinuria. 

Now it has been shown by Hammarsten that these abnormally coloured 
urines contain other abnormal pigments besides haematoporphyrin ; by Sobem- 
heim that the haematoporphyrinuria may persist after the abnormal colour has 
almost disappeared ; and by Garrod that the haematoporphyrin may be removed 
from a urine of this kind without materially altering its colour, and that 
a corresponding amount of haematoporphyrin may be added to a normal urine 
without producing any great change in its appearance. The obvious inference 
is that the red, brown, or other abnormal colour of the urine in cases of so-called 
‘ haematoporphyi'inuria ’ is not due to haematopoi’phyrin itself but to some 
associated pigment. 

There are therefore (a) cases in which an excess of haematoporphyrin and 
a pigment giving an abnormal colour are both present ; and (6) cases where 
an excess of haematoporphyrin is present without the unusual pigment. This 
being so, it is reasonable to expect that (c) cases will be met with where the 
abnormal pigment is present in the urine and yet without excess of haemato- 
porphyrin. The case which follows appears to be one of this kind. 

I am not sure that the subject has been considered in the literature exactly 
from this point of view, but I understand from Dr. GaiTod that the phenomenon 
in question is not unknown to him. Dr. Garrod was kind enough to call my 
attention to a case put on record by Scholberg in the Transactions of the 
Pathological Society of London for 1901-3 (vol. liii), but in this instance the 
urine was of natural colour on passing and became purple only on standing. 
The peculiarity was apparently congenital, and was present in other members of 
the family. It is possible that a brown pigment described by Thiele in the 

^ See this Journal, 1907, i, 49, 
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pages immediately preceding Scholberg’s communication, and not characterized 
hy any spectroscopic hand, is more akin to the one I am about to describe. 

Case. On the morning of Sunday, June 13, 1909, a lady, aged about 34, 
who was within a few days of her first confinement, caUed attention to the 
remarkable colour of her ui-ine. The urine had been repeatedly tested before 
and found normal. She had been vomiting once in the twenty-four hours, usually 
shortly after going to bed, but in the main her health was excellent, though for 
some time she had suffered from attacks of neuralgia, which came on in the 
middle of the night and involved the head generally. 

On Satui’day, June 12, she had been examined about midday by the medical 
man who was to attend her in her confinement. She noticed that night at bed-time, 
for the first time, that the urine looked like blood, and she naturally attributed 
this to the medical examination, since the latter had been paboful. Urine with the 
same appearance was passed on the Sunday morning. She never noticed such 
urine except on these two occasions. In the middle of that night, i. e. after the 
first abnormal specimen had been passed, she had neuralgia, and took phenacetin 
and acetyl salicylic acid (10 grains of each). She had not been taking any 
medicine of late except Hquid extract of cascara. 

I thought I had come across another case of haematoporphyrinuria not due 
to drugs, but this proved to be a mistake. The urine was of a bright blood-red 
colour, with a trace of brown when looked at in certain ways ; quite transpai-ent ; 
no sediment or turbidity of a kind that could suggest blood ; specific gravity 1032 ; 
no albumin ; guaiac test for haemoglobin negative ; no sugar ; nitroprusside test 
for acetone negative. Perchloride of iron gave a dark purplish, almost black 
colour. 

As Dr. Riddell, who examined the former specimens for me, was not at hand 
at the time, I sent this one to Professor Carstairs Douglas, of the West of Scotland 
Clinical Research Laboratory. The result of a thorough investigation was that 
no haematoporphyrin could be detected in the urine. Neither was there any 
evidence of urobilin. 

Report hy Professor Douglas (June 15, 1909). 

‘ I have carefully examined the specimen of urine . . . but cannot satisfy 
myself that this is a case of haematoporphyrinuria. The sample was in part 
acidulated with acetic acid, and thoroughly extracted with amylic alcohol, but 
yielded no spectrum of haematoporphyrin; nor on the addition of ammoniacal 
zinc acetate did it show any fluorescence, as it would have done had urobilin 
been present. It gave no red precipitate (Riva and Zoja) as haematoporphyrin 
does. The dark pigment was not extracted by amylic alcohol, nor by ether or 
chloroform. I then tried Salkowski’s plan of precipitating the pigment along 
with the urates, phosphates, and sulphates by adding to a fresh portion barium 
hydrate solution and barium chloride, filtering, and washing the precipitate with 
water, then alcohol, and dissolving with hydrochloric acid and alcohol. This 
also failed to extract any haematopoi-phyrin. The dark pigment was left entirely 
untouched by this procedure, and the filtrate from the barium treatment . . . looked 
practically unchanged. 

‘ It is not bile, but is that unidentified pigment not unfrequently met with in 
cases of haematoporphyrinuria.’ 



TWO CASES OF ACUTE ENDOCAKDITIS 


By JOHN COWAN, A. M. KENNEDY, A. E. PATERSON, 

AND JOHN H. TEACHER. 

With Plates 2 and 3 

In a recent number of this Journal,' two of us reported a case of partial 
heart-block, occurring during an attack of acute rheumatism and persisting for 
a foi’tnight ; and we suggested that the condition might be due to the involve- 
ment of the a~v. bundle in one of those little inflammatory lesions which are so 
frequently present in the myocardium in the acute infections. The favourable 
issue of our case precluded confirmation of our theory, but we have again met 
with cases where it seemed probable that the a.-v. bundle or node was implicated 
in the way which we had suggested, and in two of them we were able to secure 
a microscopic examination of the parts. 

Our first case was a man aged 26 years, who was admitted into hospital 
on June 5, 1909, complaining of weakness and of breathlessness on exertion 
of some months’ duration. He stated that he had not been in good health 
since an attack of enteric fever in 1903 for which he was in hospital in Japan 
for about three months. He never regained his former health, and his feet 
were often swollen at night, but he was able to work as a clerk until July, 
1908, when he was thrown out of employment by the failure of his fii-m. He 
stayed at home in fairly comfortable circumstances until he procured a new 
situation on February 19, 1909. In the early part of February he had caught 
cold and he was feeling ‘ run down ’ when he commenced his new work. This 
entailed a daily walk of four miles, and he felt exhausted at night, and also 
during the day when walking uphill, but though he steadily became weaker he 
continued at his post until six weeks before admission, when he was compelled 
to go to bed. His cough, accompanied by a slight mucoid spit, persisted from 
February until May. He had frequent’ attacks of shivering at night after 
getting home ; they were fairly severe, and lasted for fifteen to twenty minutes, 
and he felt hot after he got into bed, and often sweated profusely in the early 
morning. About a fortnight before admission his right forearm and elbow 
became sore to the touch and on movement, and this continued for a few days. 
Four days before admission the left hip and ankle became painful, and this still 
persisted. 

His family history was good. He had always been healthy prior to 1903, 
but he admitted on cross-examination that he had suffered from growing 
pains and an attack of tonsillitis in boyhood. He had also had an attack 
of gonon-hoea early in 1903. On admission he was found to be a thin, 
pale, badlj' nourished man, with flabby muscles and little subcutaneous 
fat. The left hip and ankle were painful and tender, and there was a small 
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tender area of induration on the back of the left forearm. The right calf was, 
be said, painful, but it seemed normal on examination. There were several 
minute ecchymoses on the conjunctival surface of the right lower eyelid, and 
a fairly large one on the conjunctiva of the left bulb, while ophthalmoscopic 
examination revealed a medium-sized flame-shaped haemorrhage on. the course of 
the left superior temporal vein (A. J. Ballantyne). The lungs were normal, the 
tongue was clean and digestion good ; the liver and spleen were slightly 
enlarged ; the urine contained a small amount of albumen. The heart was but 
little enlarged, though there was a weU-marked mitral systolic murmur. The 
pulse was frequent, regular, small, and soft ; and he was slightly fevered 
at night. 

Progress after admission was slowly but continuously in the wrong direc- 
tion. Many embolisms occurred, chiefly in the limbs, but once at any rate in 
the spleen, and twice in the kidneys. He had several ‘ faint turns ’ of a few 
minutes’ duration without obvious cause. The weakness increased, and after the 
middle of July oedema was more or less continually present in the legs. There 
were occasional rigors, and generally profuse sweats at night. On August 25 
a left hemiplegia occuired, and he died on August 29. 

Post-mortem examination revealed an acute endocarditis of the mitral valve. 
Two emboli were present in the right middle cerebral arteries, and septic infarc- 
tions were present in the left kidney and the spleen ; from the latter the 
pneumococcus and B. coli communis were isolated on culture. Blood cultures 
during life had proved sterile. 

The mitral valve was dilated. Numerous vegetations were present on the 
cusps, some small and wart-like, others long and luxuriant. The endocardium 
of the left auricle was thick and opaque, and a few minute granulations were 
present on the contra-fossal wall, immediately above the valve : the endocardium 
at this point was notably thickened. There was no evidence of mural implication 
elsewhere. 

A block of tissue containing the auriculo-ventricular bundle and node was 
embedded in paraffin and cut in serial sections on a plane at right angles to the 
long axis of the heart (A. M. K.). Microscopic examination revealed well-marked 
congestion of both node and bundle. The node was otherwise normal, though 
two small foci of round cells were found in the auiicular muscle in its immediate 
vicinity. The bundle was involved in three separate places by foci of the same 
kind. The first was of small size, and was situated immediately below the node ; 
the second, which was considerably larger, was found a little lower down, 
between the auricular muscle and the bundle, and implicated both ; the third, of 
fair size, occupied the central part of the bundle, and occurred immediately 
above the point where it passed through the central fibrous body. The cells- in 
the foci were all mononuclear, and the majority were evidently lymphocytes. 
A few larger cells with a fair amount of protoplasm were also present, and were 
probably of connective tissue origin. The fibres of the a.-v. bundle seemed 
normal, save in the immediate vicinity of the two larger foci, where they were 
evidently degenerate. The fibrous tissue of the bundle was not excessive in 
amount. The cardiac muscle generally showed evidence of interstitial myocar- 
ditis in an early stage, and the muscle fibres in some of the patches were 
degenerate. 

The pulse during the patient’s residence in hospital was always regular 
until immediately before death ; and the venous curves were normal, save that 
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the a-G interval -was invariably prolonged, measuring about and never 

touching 0-2" or OS". 

The little lesions which are present in the bundle seem sufficient to account 
for the trifling delay in the conduction of the stimulus from auricle to ventricle. 

The second patient was a van-driver aged 24, who was admitted into hospital 
on July 16, 1909. On July 1 he had had one of his light upper molars 
extracted on account of a gumboil from which he had suflfered for a day or two. 
In the evening he felt sick and shivery, and probably was fevered. These 
symptoms continued, and on the afternoon of July 4 he had a definite rigor. 
On the 7th he felt better, and on the 8th he went to Ardrossan, walking from 
the station to the house at which he stayed (2 miles). After this he improved 
until the 12th, though he had a slight cough after the 6th, with discomfort in 
the left chest. But on the 12th he had to go to bed as the pain in the side 
became worse, and was much intensified on coughing. The left arm, too, was 
stiflf, and he was very breathless and had to sit up in bed at night. On the 
evening of the 13th he was better, and able to sleep quietly lying down. 

On July 14 he felt so well that he dressed and went downstairs to breakfast, 
which he did without any difficulty or assistance ; after breakfast he sat down 
in a chair, and on attempting to rise an hour later found that his legs were 
powerless, and ‘ had no feeling ’ in them. He had to be carried back to bed. 
In the evening he felt ‘ pins and needles ’ in the right leg. 

His previous health had been good, save for attacks of measles and enteric 
fever in childhood ; but he was often troubled with gumboils, and was frequently 
wetted at his work. His family history was unimportant. 

On admission he was found to bo notably emaciated, with small muscles 
and scanty subcutaneous fat. His complexion was somewhat sallow, and his 
expression anxious, while he had to be propped up in bed on account of breath- 
lessness. There was a large fixed antero-posterior curvature of the spine with 
the maximum curve about the ninth or tenth dorsal vertebra, which he stated 
had been present for about eight years. The respirations were both thoracic 
and abdominal, the expansion of the chest being poor (1"). The skin was hot 
and dry, and there was a little oedema of the feet, and slight pitting with the 
stethoscope on auscultation over the cardiac area. He was slightly fevered at 
night. The patient, though weak, was quite clear mentally, spoke correctly, 
and answered questions accurately and sharply. He had little power in has 
legs, but was able to pull up both knees, though he was unable to move the toes 
of the right foot. The movements were more free on the left side. There was 
considerable anaesthesia in both legs, the right leg being insensitive to touch as 
high up as the groin, the left half-way up the thigh : painful stimuli were 
appreciated correctly in the left leg above the ankle ; in the right they were only 
felt as contacts and that after an appreciable delay. Thermal sensations were 
appreciated con-ectly in the left leg. Power was perhaps deficient to some slight 
extent in the left arm, but in the right was good ; and sensation seemed normal. 
The plantar, cremasteric, and abdominal I'eflexes were absent, and the knee-jerks 
could not be elicited. The epigastric reflexes were present and equal. The 
flexor jerks in the arms were present and equal, and the jaw-jerk was present. 
The right pupil was slightly smaller than the left ; both reacted to light and on 
accommodation. 

The patient had control over his bladder, and testicular sensation was 
normal. The tongue was dry and coated, many of the teeth were absent, and 
most of the remainder were cai'ious, and the mouth generally was very foul. 
The pulse was soft, regular and infrequent. Palpation of the apex beat, which 
was full and widespread, showed that every other beat was missed at the radial, 
the cardiac action being regularly coupled. A systolic murmur was audible all 
over the cardiac area. It was heard best at the apex, where it was long and 
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soft^ replacing and running out of the first sound; the second sound was not 
audible here. The respirations were difficult and cyclic, but without anj^ full 
apnoea. The upper part of the right chest was dull on percussion, and the 
respiratory murmur here was deficient, with prolongation of expiration. In the 
left lower axilla friction sounds were audible ; the stools contained a little 
mucus. The urine was concentrated and dark in colour, and contained a tiuce 
of albumin. 

For a few days his general condition improved slightly. The coupled 
iliythm ceased on the 16th, and he rested fairly well at night. The sphincter 
ani was flaccid, and he had no control over the bowels, though micturition was 
normal. On the 17th movement was more free in the left leg, but the palsy 
below the right knee persisted. Anaesthesia was stiU present, but did not 
extend so far up on the left leg, being apparently normal above the knee. The 
left plantar reflex and knee-jerk had reappeared, but the right were still absent. 

About midnight on the 18th he was noticed to be restless, and was found 
to be semi-conscious and unable to say more than ‘ yes ’, and there was a well- 
marked full right hemiplegia. He gradually became weaker and more comatose, 
and the respirations and pulse became more frequent. Rales appeared aU over 
the lungs, and he died with cardiac failure on July 27, 1909. The pulse 
remained ‘ single ’ until the day of death, when it was noticed to be ‘ coupled ’ 
again for a short time. 

Post-mortem, examination revealed an acute ulcerative endocarditis of the 
mitral valve, engrafted on a lesion of old standing. The upper and middle lobes 
of the right lung were soRd from a somewhat chronic pneumonia, and there 
were numerous infarcts in the spleen and kidneys. The left middle cerebral 
artery was occluded by a large pale embolus which resembled the vegetations on 
the mitral valve, and was associated with a very extensive softening which 
involved the lenticular and caudate nuclei, most of the internal capsule, the 
island of Reil, and a large portion of the central convolutions ; the rest of the 
brain and the spinal cord seemed normal. Microscopic examination of the cord 
showed no evidences of local damage (J. H. T.). Streptococci were isolated on 
culture from the spleen. No blood cultures were made during life. 

The mitral valve was stenosed, the cusps being notably shortened, the 
chordae tendineae short and thick, and the tips of the papillary muscles fibrous. 
There was well-marked evidence of fibrosis spreading upwards from the bases of 
the cusps in the direction of the central fibrous body of the heart. Enormous 
soft recent vegetations almost occluded the valve, and there was in addition 
extensive ulceration and perforation of the anterior mitral cusp. There was no 
evidence of any acute mural endocarditis ; hut the endocardium of the left 
auricle was thick and opaque, with a special area of thickening about as large as 
a shilling on the contra-fossal wall just above the valve. 

A block of tissue containing the auriculo-ventricular bundle and the node 
was embedded in paraffin, and cut in serial sections on a plane at right angles to 
the longitudinal axis of the heart (A. M. K.). Microscopic examination revealed 
considerable congestion of the tissues generally. The node was the site of 
a profound inflammatorj' disturbance, many focal collections of round cells being 
present, as well as, in places, a diffuse infiltration. The hulk of the cells were 
lymphocytes, hut a few large mononuclear cells, both round and spindle-shaped, 
were also present. The fibres of the a.-v. node were probably normal, and there 
was no evidence of old-standing fibrosis. The walls of a microscopic artery 
(Plate 3, Fig. 2) were infiltrated with round cells, though the lumen was patent; 
the other vessels seemed normal. The intensity of the lesions varied at different 
levels, but the whole of the node was more or less affected. The bundle, on the 
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other hand, was not implicated, save , at one place immediately below the , node, 
where one or two small foci . in the auricular muscle, immediately adjoining it 
passed, in for a short distance between a few of its fibres. 

There was a well-marked myocarditis, involving both ventricle and auricle, 
but it was only extreme at the base of the mitral valve, and in the auricular 
sections immediately above the node itself. 

The tracings which were obtained in our second case difier from those in 
our first. The early tracings are somewhat difficult to intei’pret and are dis- 
cussed in detail elsewhere.^ In the last tracing which we obtained, with a 
‘single’ rhythm, the a-c interval is apparentl}’- very short, measuring little 
more than 0-05". 

During the a-c interval five events occur : (1) the auricular systole ; 
(2) the passage of the stimulus from auricle to ventricle ; (3) the latent period ; 

(4) the period of ventricular’ systole prior to the opening of the aortic valves ; 

(5) the transmission of the aortic wave to the carotid artery. The normal a-c 
interval measures about 0-2^'', being somewhat shorter in a quickly beating heart, 
the auricular systole lasting for nearly O-l", and the period between the com- 
mencement. of the systolic rise on the apical tracing and the carotid wave in the 
jugular pulse measuring about 0-05". , An a-c interval of 0-1" is almost 
certainly, and an interval of 0-06" is surely, too short to permit the normal 
sequence of events, and it seems probable that the shortness of the interval 
is due to the more or less synchronous contraction of auricle and ventricle. 
A single large wave not infrequently occurs in the jugular curve synchronous 
with the occurrence of the carotid wave (the ‘nodal’ extra-systole of Mackenzie), 
and is usually considered to be the result of auricular contraction at a time when 
the auriculO'Ventricular valves are shut. From our previous argument it is 
evident that, in Mackenzie’s ‘nodal’ extra-systole the ventricle must have 
contracted before the auricle, for otherwise the delay in the appearance of 
the carotid wave would produce a carotid elevation subsequent to the auricular 
wave. If a period of between O-OS" and 0-1" elapses between the auricular and 
the carotid waves in the jugular curve it seems probable that the contractions 
commence simultaneously in both auricle and ventricle. 

Conclusions of this kind have for some time been floating in the minds 
of those who are interested in cardiac work (Mackenzie, Hay, Ritchie), and it is 
extremely interesting to find that in our second case, where the clinical evidence 
is in favour of the theory that the auricular and the ventriculai.’ contractions 
commenced simultaneously, the pathological lesion is almost whoRy confined to 
the a.-v. node, and the stimulus probably originated at this level. But we must 
not forget that our theoi-y makes a lesion in the a.-v. bundle in one case 
responsible for a defect in function, and a lesion in the a.-v. node in our second 
case a cause of increased irritability. 

We can find but few records in the literature of systematic examination of 
the ‘ primitive tissue ’ of the heart. Mackenzie, however, reports two cases 

* Cowan and Eitcliie : Coupled Ehythms of the Heart-case, helow, p. 66, Case VII. 
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trhere it was involved by lesions of the kind which we have described : (1) a case 
of cardio-Bclerosis with ‘ nodal ’ rhythm for two months before death ; the a.-v. 
node and bundle were affected ; (3) a mitral case, with attacks of paroxysmal 
tachycardia ; here the sino-auricular node was involved as well as the a.-v. node 
and bundle. Schonberg reports five cases of persistent irregularity of the heart 
in which the sino-auricular node was affected : the a.-v. bundle and node were 
not examined. Vaquez reports a case of paroxysmal tachycardia in which the 
sino-auricular and a.-v. nodes and the a.-v. bundle were involved. 

The sensory disturbance in the left leg raises a question of great interest, 
for the only lesion found in the central nervous system was confined to the left 
cerebral hemisphere. The sensory disturbance was noticed on July 15th, 16th, 
and 17th, but could not be followed after the 19th on account of the mental 
disturbance produced by the second embolus. The area involved was diminishing 
on the 17th, 

It is, of course, well known that unilateral cerebral lesions produce relative 
weakness of the muscles on the same side as the lesion, as well as palsy on the 
opposite side, but there are few cases on record of bilateral sensory loss. 
A recent paper by G. Bergmark contains, however, four cases, two of which were 
observed by himself. His first case was a man aged 66, who developed a right 
hemiplegia on March 6, Two days later there was complete right hemianaesthesia 
and ‘marked hypalgesia of the left lower extremity’, which had disappeared 
three weeks later. His second case, a man aged 74, developed a left hemiplegia 
in September ; when examined four months later, the right leg below the knee 
and the distal phalanges of the right finger were insensitive to cotton- wool touch. 
Post-mortem examination revealed an extensive lesion occupying almost the 
whole of the internal capsule, the greater part of the lenticular nucleus, and the 
external and lower portions of the optic thalamus. He quotes two cases, 
recorded by Freidrich Muller, with hypalgesia in the distal part of the lower 
extremity on the non-paralysed side. 

The cause of the bilateral loss is somewhat obscure. Bergmark rejects the 
obvious theory of bilateral innervation proposed by Muller, as he found that in 
his first case defective sensation in the mesial parts of the trunk on the non- 
paralysed side disappeared rapidly, while that in the legs lasted for longer and 
disappeared simultaneously. He thinks that a more plausible explanation 
can be found by assuming a double cerebral lesion, that in the ‘ healthy ’ hemi- 
sphere being relatively slight and transient, and the result of the disturbance of 
the cerebral blood supply. 

The rarity of bilateral sensory disturbances is probably more apparent 
than real, for it is but seldom that sensation can be accurately tested immediately 
after the occun-ence of a cerebral lesion, as the disturbance of cerebral function 
commonly affects the intelligence of the patient and affords obvious sources 
of inaccuracy ; and the sensory loss is often transient. 
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Conclusions. 

Microscopic examination of the a.-v. node and bundle in two cases of acute 
endocarditis revealed well-marked inflammatory lesions in the parts. In one 
case, where the a-c interval in the jugular curve was prolonged, the lesions 
implicated the bundle ; in the other, where the a-c interval was very short, the 
node alone was affected. 
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DESCEIPTION OF FIGURES. 

Case 1. 

PI 1 A.TE 2, Fig. 1. Tracing showing a slight delay in conduction, a-c = 0-25". 

Fig. 2. Diagram showing the situation of the microscopic lesions in the a.-v, bundle. 

Fig. 3. Microphotograph of lesion no. 1_. x 90. A small round-cell collection is shown 
in the substance of the a.~v. bundle (1). (2) is the central fibrous body of the heart. 

Fig. 4. Microphotograph showing lesion no. 2. x 90. A round-cell collection is visible 
between the auricular muscle (2) and the a.-v. bundle (1), and infiltrates both. The a.-v, bundle 
here is congested, and its fibres are degenerate. 

Fig. 5. Microphotograph showing lesion no. 3. x 90. A larger round-cell collection is 
shown in the centre of the a.-v. bundle (1). (2) = auricular muscle. The a.-v. bundle here 
is congested, and its fibres are degenerate. 


Case II. 

Plate 3, Fig. 1. Tracing showing the close proximity of the a. and v. waves in the 
jugular pulse, a-c = 0-06". 

Figs. 2-4. Microphotographs of the a.-v. node at different levels, showing focal and diffuse 
round-cell infiltrations. The artery in Fig. 2 is not thrombosed : it is cut obliquely and its 
walls are infiltrated. All the capillaries are congested. 

























TUBEROUS (TUBEROSE) SCLEROSIS 


By J. S. fowler and W. E. CARNEGIE DICKSON 
With Plates 4-6 

Tuberous or nodular sclerosis is a rare developmental disease, which was 
first described by Bourneville so far back as 1880. It is of considerable interest, 
both pathologically and clinically. From the pathological point of view, the 
interesting, fact . about the condition is that, in a veiy large proportion of cases, 
tumours of the heart, kidneys, and other viscera, and also of the skin, or of some 
of these structures, are associated with the peculiar form of sclerosis of the 
cerebral cortex which has given the disease its name. Less is known about its 
clinical manifestations, because the post-mortem examinations have, almost with- 
out exception, been made upon patients dying in institutions for the feeble- 
minded, and until comparatively recently the clinical study of mental defect has 
remained behind that of other branches of medicine. It is at present impossible, 
in the great majority of imbeciles, to predict during life what pathological lesion 
will be found after death, and accordingly tuberous sclerosis is of importance 
from the clinical point of view, because it constitutes a definite type of imbe- 
cility, and has already in one or two instances been correctly diagnosed during 
the lifetime of the patient. The credit of having drawn attention to the clinical 
features of this disease belongs in great measure to Vogt of Frankfort. 

The case which forms the subject of this communication is as follows : — 

Maggie R., aged one year, illegitimate, was admitted to the Royal Edinburgh 
Hospital for Sick Children on July 11, 1909, sufiering from convulsions. She 
was the second child, the father being 24, and the mother 28, at the time of her 
birth. There is no neuropathic history on the father’s side, and the mother is 
said to be a healthy woman. The child was brought up by her paternal grand- 
parents, and had no illness of any kind until the night before admission to 
hospital, when she suddenly became convulsed, chiefly in the left ann and side of 
the face. The convulsions were associated with loss of' consciousness, and con- 
tinued with slight remission for several hours. Before the present illness nothing 
was noticed wrong with the child. Her grandparents said that she was bright, 
and laughed and played like a normal baby; she began to hold up her head at 
the third month, and could sit up by the sixth or seventh month. Could not walk ; 
slept well, and was a very good child. 

On admission : — A well-developed and fairly nourished infant. She was 
quite unconscious, and was suffering from clonic spasms of the left side of the 
face. Slight rigidity of the neck was present. Limbs flaccid ; knee-jerks active ; 
no Ke^nig. Pupils equal ; left internal strabismus. No aural discharge. Head 

[Q. J. M., Oct., igio.] 
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and face normal ; fontanelle not tense. Heart, lungs, and abdomen (except for 
some retraction), normal. Blood pressure 70 ; pulse 130, regular. Tempera- 
ture 100°. 

Soon after admission she vomited ; remained in an apathetic condition, 
taking no notice of anything, but was able to swallow quite well. 

July 12, the day after admission, lumbar punctured. The fluid did not 
escape under pressure ; it was perfectly clear when first withdrawn, but in a few 
minutes it became filled with small shreds of lymph which gave it a milky 
appearance. It contained about 40 cells (mostly lymphocytes) per c.mm. 

July 13. Child restless ; no more fits. Lumbar punctured again. Fluid as 
before, but more lymphocytes ; did not reduce Fehling, A provisional diagnosis 
of tuberculous meningitis was made. 

July 14. Well-marked Kernig. 

July 19. Since admission eight days ago there have been no further 
symptoms. The infant remains semi-conscious, paying no attention to her 
feeds, and does not recognize her friends. The temperature has gradually fallen. 
On lumbar puncture the cerebro-spinal fluid was found to contain very few cells, 
and this, together with the arrest of the symptoms, led us to suspend the 
diagnosis of meningitis. 

July 24. Has improved slightly, and is now taking some notice of her sur- 
roundings. Fundi normal. No cells in cerebro-spinal fluid. 

July 28. Temperature again up for the past two days. Some dullness at 
the right base, on exploring which pus containing pneumococci was obtained. 
The chest was drained, about 5 oz. of pus being removed. After this the child 
became more and more apathetic ; the lung did not expand ; a secondary staphy- 
lococcus aureus infection occurred ; and she died on August 7. 

Synopsis of post-mortem examination (performed thirty-six hours after 
death) : — 

The body was that of a small, poorly developed, much emaciated female 
infant. Rigor mortis was absent. The cranium was somewhat large in propor- 
tion to the face and body generally. There was an operation opening for the 
drainage of an empyema of the right side of the chest. Adenoma sebaceum was 
not present. 

Serous Cavities : Right Pleural Cavity ; the posterior vertical half of the 
cavity, from base to apex, was the seat of an empyema. This was unilocular, 
with free drainage through the opening, and there were firm fibrous adhesions 
cutting off the empyema area from the anterior portion of the pleural sac. 

Left Pleural Cavity: there was no excess of fluid. Early acute pleurisy 
was present, with extreme congestion of sub-pleural vessels, especially marked 
over the base of the lung. 

Pericardium : appeared normal. 

Peritoneum: showed no excess of fluid. The mesenteric glands showed 
moderate general enlargement, but no naked-eye evidence of tuberculous caseation 
or of tumour growth. 

Heart : in the wall of the right auricular appendix, towards its base, there 
were two hard, somewhat rounded nodules — the larger about the size and shape 
of a coffee-bean, and the smaller about the size of a split-pea. These were pale 
pinkish-grey in colour, several shades paler than the tint of the surrounding 
muscle, and in consistence and colour suggested the appearance of small myo- 
mata, such as are seen in the uterus, but -vvithout any of the fasciculation which 
gives to the latter their typical ‘watered silk’ appearance. Exeept for the 
presence of these nodules, the heart showed no other naked-eye abnormality. 

Right Lung: was semi-collapsed from empyema, as above, there being 
a thick layer of purulent lymph over its posterior surface. On ’section, there 
was marked collapse, and, in the lower lobe, widespread acute broncho-pneu- 
monia. 
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Left Lung : Acute pleurisy, as above, and, on section, bronchitis, witb large 
areas of lobular coUapse in the lower lobe posteriorly. 

Liver: except for cloudy swelling, there was no obvious lesion. 

Kidneys: ditto, there being no subcapsular or other tumours present in 
either organ. 

Spleen, Suprarenals, Thyroid, Thymus, and Pituitary showed no obvious 
change. 

Brain : on removing the skull-cap the brain was found to be slightly in- 
creased in size, and at first sight did not appear to present any very obvious 
abnonnality (see Plate 4, Fig. 1) ; but, on more careful inspection, and especially on 
palpation, it was found that, scattered over the surface of the cei’ebrum, there 
were numerous nodules, varying from about the size of a pea to that of a small 
walnut, about a dozen or more being embedded in the surface of each hemisphere. 
These nodules were extremely firm, and their position could be determined most 
easily by running the fingers over the surface, the sudden transition from ordinary 
soft brain tissue to dense resistant nodules of almost stony hardness being very 
striking. In colour they were pearly white — exactly the tint of the ordinary 
white matter of the brain — and distinctly more opaque than the surrounding grey 
substance of the cortex in which they were embedded. The pia-arachnoid, which 
was thin and comparatively non-vascular, was not adherent over them, stripping 
easily from their surface. The general contour of the convolutions was not much 
disturbed by their presence, the only points noted being that, especially in the larger 
nodules, the affected convolutions were slightly thicker or broader than normal, 
and projected to a vmy slight but appreciable degree above the general level of the 
cerebral surface. A few of the smaller nodules, however, were slightly below the 
general level, and were slightly ‘ operculated ’ by the surrounding unaffected con- 
volutions. Some of the nodules showed a moderate degree of umbihcation, and 
other irregularities, which gave them a finely nodulated or granular appearance, 
whilst others, again, presented a perfectly smooth surface. On section, the 
nodules were situated mostly in the grey matter, but the larger of them also 
projected well into the subjacent white matter, which they closely resembled 
in colour, but from which they could at once be distinguished by their great 
hardness, and, on close inspection, by their more compact and homogeneous 
texture and comparative non- vascularity. These appearances suggested that the 
condition was a replacement or diffuse infiltration of the affected areas by some 
sclerotic process, rather than anything of the. nature of syphilitic gummata or 
tuberculous nodules ; and, moreover, they were pearly white in colour, and 
showed none of the yellowish tint and cheesy appearance typical of caseation. 

No nodules were found in the cerebellum, pons, medulla, or spinal cord, all of 
which, to the naked eye at all events, appeared normal. On making sections of, 
the brain, numerous small nodules, about the size of hemp-seeds, were found 
projecting into the lateral ventricles. These were hard and firm like the larger 
cortical nodules, and were not connected with the choroids (see Plate 4, Fig. 1). 

The salient points in the case then are: an infant developed in an 
apparently normal fashion for a year; then took fits lasting for sevei'al hours, 
and thereafter remained in a semi-conscious condition for four weeks, dying 
of an intercurrent empyema. During the whole of her stay in hospital her 
appearance suggested cerebral mischief, but having departed from the diagnosis 
of meningitis we did not know what was the matter. We also wish to refer 
to the puzzling appearance of the lumbar puncture fluid. It was perfectly clear 
when flrst withdrawn, but, as it cooled, became opalescent from a precipitation 
in it of minute shi’eds of flbrin about ^ mm. long. We have never before seen 
anything precisely similar. It was equally unlike the coagulum which often 
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forms in the cerehro-spinal fluid from a case of tuberculous meningitis, and the 
turbidity produced by pus. There is no mention of the cerehro-spinal fluid 
in any recorded case of tuberous sclerosis. 

On going through the literature one finds that more space is given to the 
pathology than to the symptoms of the disease. We have, however, found 
twenty-eight cases in which clinical notes are given, and although the details 
are in many cases meagre, we have made an analysis of the main clinical 
features. (See Table I.) 

i. Sex and Antecedent History. Of the twenty-nine cases (including our 
own) nine were females and twenty males. As in other forms of imbecility 
a neuropathic heredity is common, being well marked in twelve out of twenty 
cases in which infoimation is given. The average age of the fathers was 33 ; of 
the mothers, 27; the disease, therefore, does not tend to affect offspring of parents 
at the extremes of reproductive life. The position of the patient is stated in nine 
cases ; in four it was the first child. Syphilis is so rare that it may be excluded 
as a cause. 

ii. Symptoms. Epilepsy and Mental Defect are invariable. The con- 
vulsions, which were the first symptom that anything was wrong in fifteen 
cases, began during the first year in just over half the patients. There is nothing 
especially characteristic about the convulsions. The rule is that they occur 
in small series at intervals of a few weeks. They are usually general ; one case 
had also Jacksonian epilepsy, and a few, minor as weU as major seizures. Some- 
times the epilepsy becomes worse with lapse of time, and culminates in an acute 
attack — the status epilepticus. One patient had only a single fit in the whole 
course of her life, but she is an exception in this respect. 

Most patients are low grade imbeciles, able to articulate a few words at 
most, and inattentive to their surroundings. In only two cases is the mental 
defect described as moderate. Some of the patients seem to have been absolutely 
normal before the first convulsion occurred, and even when due allowance is 
made for the manner in which parents shut their eyes to evidences of mental 
defect, we think that, as in our case, in which the question was carefully gone 
into, patients with tuberous sclerosis may develop normally for the first year or 
so. When once epilepsy sets in development is checked ; speech, if it has been 
acquired, is arrested, and the mental condition deteriorates. In nine cases some 
abnormality was noticed before the fits occurred — nervousness, squinting, back- 
wardness. 

Considering how extensively the cortex is diseased, it is rather remarkable 

that contractures and spastic paralysis are uncommon — six cases only and that 

tremor is not recorded in this series. As in congenital imbecility generally 
other malformations are not very rare. Congenital heart disease, spina bifida 
hydromyelia, and absence of the corpus callosum have been noticed. 

iii. Associated Tumours. The most interesting feature of the condition 
is the frequency with which tumours of the kidneys, heart, skin, and other 
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organs coexist with the cerebral sclerosis. (See Table II). In only six of these 
twenty-nine 'cases did the tuberous sclerosis exist alone, and in some of these, 
probably, the nervous system only was examined. 

Renal Txhmours are found in nineteen of the twenty-nine cases, and in 
some of the negative cases the abdominal viscera were not examined. In all 
but three cases both kidneys were affected. The renal tumours are somewhat 
vaguely described, and it is difficult to understand their nature. They are 
usually small, multiple, and not infrequently undergo cystic degeneration. 
They have generally been called adeno-sarcomata, or simply ‘ cancerous ’. Vogt 
calls them lipo-sarcomata ; others regard them as myomatous. 

Tumonr of the Heart occurs in only three cases in this series. This number, 
however, does not give a true idea of the frequency of the tumour, because 
most patients with this lesion die in infancy, and have been recorded as cases 
of congenital tumour of the heart. In a number of them the brain has either 
not been examined, or the association of cerebral sclerosis has been looked on as 
merely fortuitous. One patient in this series with a heart tumour reached 
his twenty-fourth year, but this is exceptional ; the others died in infancy. 

Tumoui's of the thyroid, thymus, h'east, and duodenum are also recorded. 

Adenoma Sehacexom. It is stated that those who suffer from this affection 
of the skin are nearly always of low intelligence; it is not uncommon in 
institutions for the feeble-minded. It is a developmental anomaly, but it is not 
usually present ' at birth, though it may appear during the first six months. It 
consists of numerous small, closely-set tumours symmetiically disposed on the 
face, chiefly about the sides and- bridge of the nose, naso-labial folds, chin, and 
forehead, ■ It gives rise to no symptoms. Similar tumours are sometimes found 
on the skin of the trunk. The histology of the condition is not absolutely 
settled, but most writers describe the tumours as masses of sebaceous glands 
embedded in a more or less vascular matrix — sebaceous naevus. 

Adenoma sebaceum was present in thirteen of these twenty-nine cases. 
The date of its first appearance is given in four — in the first month of life, from 
early infancy, since childhood, and from the eighth year. 


TABLE II. 

Distkibutiox or Lesions in Twenty-nine Cases of Tubeeous Scleeosis. 


Tuberous Sclerosis - • . . . 6 

„ „ Adenoma Sebaceum 2 

„ „ „ „ Benal Tumour . . 9 

„ ,, „ „ Ehabdomyoma . . 1 

„ „ „ „ Thyroid Tumour . . 1 

„ „ Renal Tumour 6 

,, „ ,, „ Rhabdomyoma . . . 1 

„ ,, „ „ Duodenal Tumour . . 1 

,, „ Thyroid Tumour 1 

,, „ Rhabdomyoma 1 


Microscopical Examination. 

Brain, Cortical Nodules. Sections were made of several of the cortical 
nodules, and the appearances were found to be similar in 'all. Under a low 

tp. J.M., Oct., 1910.] E 
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power, the nodules show a much more homogeneous and much denser structure 
than the neighbouring grey and white matter. Nerve cells are much less 
numerous, and vessels are scanty, and the transition between nodule and 
surrounding brain tissue is more definitely marked near the surface than towards 
the deeper parts. In the former position, the complete transition may be 
followed practically within the limit of one field under a magnifying power 
of, say, 100 diameters, as may be seen in Plate 5, Fig. 5. 

The increased density of the tissue is seen to be due to the closely woven 
network of proliferated neuroglial fibrils, the density of these being most marked 
towards the central parts of the nodules, and also, but not quite to so extreme 
a degree, at and immediately beneath the free surface. 

Under, an ordinary low power, e.g. as seen in Plate 5, Fig. 2, one of the most 
noticeable features is the presence of numerous groups of large irregularly 
shaped cells, mostly situated immediately beneath the denser surface layer of 
proliferated glia, and also in the more peripheral lateral parts of the nodule. 
In the denser central part, they are somewhat smaller in size and much scantier 
in numbers, being scattered singly rather than in groups. There seem to 
be little doubt that these are large ganglionic nerve-cells — not neuroglia cells — 
in their nature, both from the character of their nuclei and from the fact that 
nerve fibres could be traced into their processes. An unusual feature, however, 
was the fact that they not uncommonly possessed two and even three nuclei, a 
character which at fii’st inclined one to suspect that they might possibly he 
enlarged glial cells. As may be seen from Plate 6, Figs. 2 and 3, degenerative 
changes are well advanced in some of these cells. The nucleus is often eccentric, 
and may show karyolysis or may be absent altogether ; and the body of the 
cell may become invaded with small mononuclear phagocytic cells (Plate 6, 
Fig. 3), and undergo disintegration. These peculiar groups of large ganglionic 
cells are not found in the neighbouring unaffected brain tissue, where the cortical 
cells are still arranged in their normal layers, though many of them show well- 
marked degenerative changes — due no doubt to the terminal acute disease 
(empyema, &c.). In no case, however, was this degeneration in the cells of the 
normal convolutions so extreme as in the tuberous nodules. Where the nodules 
extend into the white matter, the large ganglionic cells are also present. 

Ventricular Nodules. These are quite distinct from the cortical nodule.s 
in their characters, and seem to be of the nature of so-called ependymal granula- 
tions. They consist of proliferated glial cells and fibres, and frequently show 
in-egular points and lines of calcification, sometimes along capillaries, sometimes 
apparently independent of these. No giant nerve cells were found in any of 
them, nor could anything resembling the peculiar ‘gland-like’ structures 
described by Campbell be discovei'ed. 

Ehalxlomyomata in Heart. Microscopical examination of the small nodules 
from the right auricular appendix showed them to be rhabdomyomata, con- 
forming to the classical descriptions of these extremely rare tumours. As we 
propose to give a more detailed description of these elsewhere, we shall only 
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summarize the appearances here. They consisted of large, loosely arranged, 
extremely iiTegular and highly vacuolated cells, containing irregularly striated 
fibres, some in bands or bundles, but many running singly and forming a loose 
interlacing ‘ tumultuous ’ network, in the meshes of which were large vacuole- 
like spaces (see Plate 6, Figs. 4 and 5). Most of the cells contained a single 
bladder-like nucleus, with distinct outline, and poor in chromatin. Many, however, 
showed two or more — even as many as half a dozen — ^nuclei. The nodules were 
comparatively non-vascular, and contained very little connective tissue, the 
framework of the tumours consisting mainly of striated muscular fibres derived 
from the cells. The surrounding heart muscle showed considerable increase of 
fibrous connective tissue, which formed a well-marked capsule around the 
tumours. 

The other organa, e.g. the liver, kidneys, &c., showed merely general toxic 
changes, such as cloudy swelling, &c., presumably accounted for by the presence 
of empyema and broncho-pneumonia. No tumours were found in any of the 
organs except the brain and heart, as above described. 

There can be little doubt that the cardiac, renal, and cutaneous lesions are 
of the nature of true neoplasms, and it therefore only remains to discuss the 
nature of the nodules in the brain. The earlier observers were of opinion that 
these were probably of chronic inflammatory origin, but this is not borne out by 
the histological findings. The pia is thin and non-adherent over the affected 
areas, and the peculiar groups of large nerve-cells incline us to the view that the 
condition is, like the lesions in the other organs characteristic of the condition, 
a neoplastic formation due to a developmental intermingling of ganglionic cells 
‘ dislocated ’ from their proper environment, with consequent overgrowth of 
neuroglia in the affected areas. 

As the actual aetiology of the condition, as far as it is at present understood, 
has been very fullj’- discussed in recent papers by Campbell, Jacobaeus, Sailer, 
Vogt, Wolbach, and others, and as we have nothing further to add in possible 
explanation of the causation of the condition, we are content simply to draw 
attention, as the other writers have done, to the I’emarkable combination, 
characteristic of this disease, of congenital tumours in the brain, heart, kidneys, 
skin, and, less commonly, in certain other organs. As to what the exciting 
cause of these tumours is, we can only assume that they are produced by 
a developmental inteimingling of the growing tissues, such as may cause certain 
adrenal, parotid, testicular, and other forms of congenital neoplasms. Further 
than this statement our knowledge of the causes of tumour growth does not at 
present carry us. 


Duration of Life and Cause of Death. 

Eight of the patients died by the fifth year, and twenty by the sixteenth. 
One patient lived to thirty-five. She had only a few fits between the age 
of nine months and five years, and was moderately inteUigent, but was a typical 

b2 
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case ■witli nodular sclerosis, adenoma sebaceum, and renal tumour. Death was 
due to kidney tumour. 

Death was directly due to epilepsy in nine cases, to renal tumour in two — 
perhaps three — and to other, accidental, causes in the remainder. 

Diagnosis. 

The possibility of diagnosing the disease from other forms of epileptic 
imbecility depends on detecting some of the associated tumours. Adenoma 
sebaceum is the most obvious of these. Some of the tumours of the kidneys 
appear to have been large enough to be detected by palpation, and twice at least 
they have actually been recognized by the occuiaence of renal symptoms and 
the presence of tumour cells in the urine. It is only within the last year or 
two, however, that any attempt has been made to arrive at a clinical diagnosis. 

The main features of the cases recorded clinically as well as pathologically 
are set down in Table I. A number of other cases have also been reported 
without clinical histories ; these have not been included in the Table. 

Conclusions. 

(i) Tuberous sclerosis constitutes a definite form of idiocy. It may be 
diagnosed during life by the recognition of some of the associated tumours 
in a mentally defective person who is, or has been, subject to epileptiform 
convulsions. 

(ii) The condition is charaeteiized by the presence of congenital ‘|disIocation ’ 
tumours in all or any of the following sites : — brain, kidney, heart, skin, — more 
rarely, pancreas, duodenum, thyroid, breast. 

(iii) The condition in the brain is established probably at, or soon after, 
the seventh month of foetal life. 

(iv) The pathogenesis of the condition is still entirely unknown. 
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DESCRIPTION OF PLATES. 

Plate 4, Fig. 1. Photograph of the brain, showing the nodules of tuberous sclerosis, 
both in surface view and on section. The position of the nodules, both cortical and ven- 
tricular, can he made out hy referring to the blackened areas in Fig. 2. The general outline 
of the convolutions is hut little altered, a fact of some importance in considering the time of 
onset of the condition (see conclusion No. iii). 

Plate 4, Fio. 2. Outline diagram of the same, showing the nodules marked in black. 

Plate 5, Figs. 1 and 3. Microscopical sections of a neighbouring unaftected convolution, 
the former at surface, the latter at deeper part of cortes, for comparison with Figs. 2 and 4, 
which are taken from corresponding positions in one of the cortical nodules, x 100 diam. 

Plate 5, Fig. 2. Section towards surface of a cortical nodule of tuberous sclerosis, show- 
ing glial overgrowth and groups of large ganglionic cells. Compare with Fig. 1. x 100 diam. 

Plate 5, Fig. 4. Section towards centre of nodule, showing density of glia and 
diminution in number of nerve cells. Compare with Fig. 8. x 100 diam. 

Plate 5, Fig. 5. Section through edge of nodule (upper left portion) and adjoining 
cortex (lower right portion) near surface of brain, x 100 diam. 

Plate 6, Figs. 1, 2, and 3. Groups of ‘giant’ ganglionic nerve cells found in the 
nodules. These show various degenerative changes, e.g. displacement and disappearance 
of nucleus, invasion by phagocytic cells (Fig. 3), &c. x 450, 450, and 300. 

Plate 5, Figs. 4 and 5. Sections of rhabdomyoma of heart. 

Fig. 4 shows low-power view of edge of tumour (lower right portion), the upper left 
portion consisting of proliferated fibrous tissue and atrophied heart muscle, x 45. 

Fig. 5 shows the structure of the tumour under a higher power. Note the ‘ tumultuous ’ 
arrangement of the striated muscle fibres, and the extraordinary vacuolation of the cells. 
There is very little connective tissue present, practically all the fibres shown in the photograph 
consisting of striped muscle, x 450 diam. 
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I. Introduction. 

The clinical observations upon certain forms of cardiac arrhythmia, which 
we now record, are founded mainly upon a study of simultaneous gi-aphic 
records of the cardiac impulse and of the pulsations in the arteries and the 
jugular veins, according to the methods introduced by Mackenzie. Some of 
our records were obtained by means of Mackenzie’s polygraph, others by the 
Knoll-Hering polygraph, and othera again by a polygraph recently designed 
by one of us. 

We are aware that all deductions regarding the time, duration, and sequence 
of contraction of the chambers of the heart that may be drawn from graphic 
records obtained by mechanical methods of registration lack the precision and 
accuracy of the evidence obtainable by means of the string galvanometer. 
The inertia of the recording apparatus in ordinary clinical use is a possible 
source of fallacy which is too often disregarded. The slow rate at which 

tQ. J. M., Oct., igio.l 
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the recording surface travels, and the inaccuracy or absence of the time-marker, 
render the finer analysis of many tracings recorded in the literature more or 
less inexact and unsatisfactory, and thus may vitiate the deductions that are 
drawn therefrom. Notwithstanding these sources of error, however, mechanical 
methods of recording the movements of the heart yield much information which 
is not obtainable by other clinical methods. 

In jugulo-carotid tracings the six main positive waves which may appear 
are the auricular wave, a ; the early ventviculo-systolic wave, b, transmitted to 
the veins from the ventricle (Fredericq(15),Bard(3), Piersol(61),Bachman(l)); the 
carotid elevation, c ; the late ventriculo-systolic wave, ; the early ventriculo- 
diastolic wave, (which terminates when the tricuspid valves open) ; and the 
h wave (the b wave of A. G. Gibson (19)), which both Gibson and Hirschfelder (30) 
attribute to the temporary closure of the tricuspid valves by the inrush of blood 
from auricle to ventricle. When the waves and in our tracings are fused 
together so that the notch marking the end of and the start of is indefinite, 
the compound wave is designated simply v. 

If we desire to ascertain by means of the polygraph the precise time, 
duration, and sequence of contraction of the chambers of the heart in cases 
of cardiac arrhythmia, simultaneous tracings from the jugular vein and from 
an artery are insufficient and are liable to lead to error. The phlebogram 
and sphygmogram afford only an approximate, not an exact, standard for 
determining the commencement and termination of ventidcular systole. More- 
over, the duration of the presphygmic period is too variable, and our knowledge 
regarding the rate of transmission of the pulse wave from the aortic orifice 
to the subclavian or carotid artery in the human subject is too uncertain, . to 
permit of any reliable inference being drawn from the a-c interval in regard 
to the As-Vs interval. 

In the cases which we record, the commencement and termination of 
auricular systole were usually estimated from the start and the apex respectively 
of the auricular- wave in the jugulo-carotid tracing. The auricular wave is 
usually more constant and better defined in the jugulo-carotid tracing than 
in the cardiogram. If an auricular wave be present in the cardiogram, it is, 
in our experience, usually positive and single. More rarely it is a negative 
wave due to the upward pull upon the ventricle during auricular systole, as 
was fii-st demonstrated by Wenckebach (83). The commencement of the 
auricular wave in the jugulo-carotid tracing must be slightly later than the 
commencement of aui-icular systole, and the delay may presumably vary some- 
what according to the degree of congestion within the superior vena cava and 
jugular vein. The commencement of- the positive auricular wave in the cardio- 
gram must be likewise slightly later than the commencement of auricular 
systole. But in either case the error is probably slight. Further, although 
experimental curves seem to indicate that auricular contraction persists well 
into the period of ventricular contraction, the apex of the auricular wave in the 
jugulo-carotid tracing probably indicates the termination of ‘ effective' auricular 
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systole, and it has been so regarded in our analysis of tracings. If the heart’s 
rate be frequent the a wave may be mingled with the h wave, or even with 
the wave if the rate be stiU more rapid. 

Whenever a satisfactory cardiogram could be obtained, the commencement 
of ventricular systole was estimated from the beginning of the abrupt ventriculo- 
systolic rise on the cardiogram. We seldom find that this abrupt rise is 
preceded by the I wave, described by Robinson and Draper. The end of 
ventricular systole was regarded as coinciding with the termination of the 
systolic plateau on the cardiogram. The termination of the wave in the 
jugulo-carotid tracing was , considered as indicating the moment at which 
the tricuspid valves opened. It is usually almost synchronous with the com- 
mencement of the ventriculo-diastolic rise on the cardiogram. 

The commencement and dui'ation of ventricular diastole should likewise 
be estimated from .the cardiogram and not from the sphygmogram. This is 
particularly important when determining the duration of a post-extra-systolic 
pause, for- ventricular contraction does not usuaUy last so long in an extra-systole 
as in the antecedent physiological beats (see Figs. 8, 10, 13,. and 17). And, 
as the Vs-c interval is longer after an extra-systole than after a normal beat, 
if the duration of systole be judged from the sphygmogram, the post-exti-a- 
systolic pause will probably be wrongly estimated. 

Except in cases in which it was impossible to obtain a satisfactory cardio- 
gram on account of the thickness of the chest wall or of the voluminous state 
of the lungs, the As-Vs interval was estimated by measuring the interval 
between the commencement of the a wave in the jugulo-carotid tracing and the 
start of the ventriculo-systolic rise on the cardiogram (ct-Vs interval). As 
already stated, this is, in our opinion, more reliable than the Or-c interval as 
an index of the. As-Vs interval. 

In graphic records from cases in which there was no cardiac arrhythmia, 
we find that the average duration of the a-Vs interval is 0-120 of a second, 
the shortest interval being 0-05 second, with a pulse rate of 95-2 per minute. 
The average Vs-c interval is 0-066 of a second, the longest being 0-11, and the 
shortest being 0-03 of a second. These figures are in substantial agreement 
with those given by Robinson and Draper, the shortest Vs-c interval in their 
series of cases being 0-038 and the longest being 0-177 of a second, and also 
with those given by Rehfisch, who estimates the Vs-c interval at 0-07 of 
a second. The average c-brachial interval in our series of cases without 
arrhythmia is 0-065 of a second, the shortest being 0-04 and the longest 0-08 of 
a second. The average duration of ventricular systole is 0-326 of a second, the 
shortest being 0-28, and the longest 0-46 of a second. These figures indicate 
that the commencement, duration, and tennination of ventricular systole cannot 
be estimated accurately from a study of jugulo-carotid and brachial or radial 
tracings. 

In the tracings which illustrate this paper, 1 indicates the commencement 
of the ct wave ; 2 the beginning of, ventricular systole as determined in the 
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cardiogram ; 3 the appearance of the carotid elevation in the phlebogram ; 
4 the brachial (or radial) wave in the sphygmogram ; 5 the termination of 
ventricular systole ; and 6 the opening of the auriculo-ventricular valves. 

n. Definition of Coupled Rhythm. 

Much speculation and controversy have gathered around those forms of 
cardiac arrhythmia in which two heats of the heart are separated from each 
other by a short diastolic pause, while the second beat of each couple is 
followed by a long diastolic pause before the first beat of the next couple 
occurs. Such an aUorhythmia, or regularly recurring arrhythmia, we designate 
a coupled rhythm of the heart rather than a ptdsus bigemimis, because the 
two beats of each couple are not necessarily so identical in nature as to justify 
us in regarding them as ‘ twin beats Coupled rhythms of the heart have also 
been described under the terms ‘ hemisystole ’ (von Leyden, Schatiloff), ‘ systolia 
alternans’ (Unverricht), ‘bigeminy’ (Riegel), ‘pulsus pseudoaltemans and 
‘continuous bigeminus’. The condition has also been designated ‘pulsus 
coturnisans ’ (‘ le pouls coturnisant ’) because the rhythm of the sounds of the 
heart resembles the cry of the quail (coturnix), which, according to Merklen, the 
French peasants imitate by saying ‘ Paye tes dettes 

Under the term coupled rhythms of the heart, we do not include the disturb- 
ance of the heart’s action occasioned by a single extra-systole occurring at 
irregular intervals in an otherwise rhythmically beating heart. Nor do we 
include the pulsiis alternaiis, for although in pulsus alternans every alternate 
beat of the ventricles is feebler, and every alternate pulse wave is of smaller 
volume than that which precedes and that which follows it, the rhythm of the 
heart’s contraction I’emains perfectly regular, as has been demonstrated by 
Volhard, Rihl, and others. The alternating pulse, which is undoubtedly evidence 
of grave cardiac enfeeblement, is usually regarded as indicating exhaustion of 
contractility of the heart. In the experiments of Trendelenburg and Hering (28), 
the feebler beat was demonstrated to be due to partial hyposystole or asystole, 
namely to enfeeblement or failure of a portion of the ventricular musculature, 
rather than to a weak contraction of all the ventricular muscle fibres. In the 
alternating pulse the smaller and larger beats of the arterial pulse may be 
apparentlj’ rhythmic (Fig. 1), or the smaller beat may be delayed appreciably 
(Fig. 2). The delay of the smaller pulse wave, which has been recognized ever 
since Traube recorded his classical observations, is the result, as shown by 
Hering (26) and Yolhard, of a longer presphygmic period associated with the 
feebler ventricular contraction. In pure pulsus alternans, however, the smaller 
ai-terial pulse wave is never premature, whereas in the foi-ms of arrhythmia 
which we term coupled rhythms the diastolic pause after the second or smaller 
beat is always longer than that between the first and second beats of each pair. 
The difference between the sphj'gmographic tracings of coupled rhythms and 
2 ndsus alternans was clearly demonstrated by Volhard, who pointed out that 
owing to the delay of the smaller pulse wave the v mlarity of true alternation 
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is obscured and arrhythmia is simulated, whereas in a coupled rhythm the 
irregularity tends to be obscured and regularity to be simulated. 

From an analysis of the cases of coupled rhythm of the heart which have 
come under our observation and of cases which are recorded in the literature, 
we find that coupled rhythm is not an entity, but that coupled rhythms are 
of many forms and arise in many different ways. Discussing the pulsus 
higeminus Wenckebach (80) concludes that although the two beats of each 
couple may be of identical nature, and that consequently there is a true bigeminy 
of the heart, this condition may be closely simulated if an extra-systole recurs 
regularly after each normal beat, or if a ventricular beat be missed regularly 
owing to failure of conductivity in the auriculo-ventricular bundle. 

It is convenient to divide coupled rhythms of the heart into two groups : 
(1) those of the ventricles alone; and (2) those in which both auricles and 
ventricles participate in the coupling. 

III. Coupled Rhythms of the Ventricles. 

i. In partial auriculo-ventricular heart-block. Coupled beats of the 
ventricles are occasionally met with in cases presenting a delay in the conduc- 
tion of stimuli to the ventricles. This foim of coupled rhythm is shown in 
Fig. 3. The tracings were obtained from a girl (Case I), aged seventeen, who 
was suffering from acute rheumatism. On her admission to hospital the pulse 
was notably irregulai', the intervals between the beats being long and unequal. 
The irregularity of the pulse continued for several days, and defective conduc- 
tivity persisted for several weeks after the pulse had become regular. 

The irregular rhythm was at first very erratic, the beats appearing as a rule 
in twos and threes, with a long pause between each group. Occasionally there 
was a 2 : 1 rhythm, or a group of four ventricular beats, but there was no 
constancy in the arrangement. In Fig. 3 an apparent series of five coupled 
beats is seen, but the fourth pair are really the second and third beats of a group 
of three, the fii-st of which produced the ordinates when the clock-work of the 
polygraph was momentarily stopped. The jugulo-carotid tracing is somewhat 
difficult to interpret because the defective conductivity led to the occasional 
conjunction of v and a waves. But the series of tracings obtained on successive 
days from this patient and recorded in an earlier number of this Journal (7) is, 
we think, sufficient evidence that our interpi-etation of Fig. 3 is correct. 

The 0 — c interval is always unduly prolonged, as is shown in the diagram 
of Fig. 3. Whereas the a-c interval in our tracings from persons without 
cardiac arrhythmia is usually about 0-15 to 0-17 of a second in duration, the 
first auricular wave in Fig. 3 is not followed by a carotid wave until after an 
inteival of 0-3 of a second. The second a-c interval measures 0-35 of a second, 
and thereafter the intei'ference with conduction is so great that with the third 
auricular contraction the stimulus fails to pass to the ventricles and conse- 
quently the latter do not contract. During the long period of rest which the 
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auriculo-ventricular bundle thus obtains before the fourth auricular contraction 
occurs, the conductivity, of the bundle again becomes so far restored that -with 
the fourth auricular systole the stimulus, is transmitted to the ventricles, and 
they respond by contracting. But even after the long period of. rest the 
conductivity of the bundle was not fully restored, as is indicated by the a-c 
interval lasting 0-3 of a second. "With the next beat conductivity becomes still 
further impaired, for the a-c interval is now 04 of . a second. The sixth 
auricular contraction, like the third, evokes no ventricular response. Thus 
while the auricular rhythm is fairly regular, the coupled rhythm of the ventricles 
is due to partial auriculo-ventricular heart-block. 

Cases of this form of coupled rhythm of the ventricles have been recorded 
by Mackenzie (48, 55), Joachim, Wenckebach (84), and Wardrop Griffith and 
Cohn. 

ii. Coupled rhythm of the ventricles in complete auriculo-ventricidar 
heart-block. When there is a lesion completely severing the auriculo-ventri- 
cular bundle, there is complete dissociation of the ventricular rhythm from that 
of the auricles. The auricles usually beat rhythmically about sixty to eighty 
times per minute, whereas the ventricular rate is fairly constant at about thirty 
to thirty-six beats per minute and the ventricular rhythm is regular. In some 
cases of auriculo-ventricular heart-block, however, an occasional extra-systole of 
the ventricles may be observed. In the case of partial auriculo-ventricular 
heart-block recorded by Wardrop Griffith and Cohn single ventricular extra-sys- 
toles were present. They are more often noticed, however, in complete auriculo- 
ventricular heart-block, the extra-systole being either interpolated, or being 
followed by a diastolic pause equal to that obtaining after the rhythmic 
ventricular systoles. Examples of such extra-systoles have been recorded else- 
where by one of us (68, 21). But as was pointed out by Goteling Vinnis and 
by Wenckebach (82), in some cases of complete auriculo-ventricular heart-block 
‘every contraction of, the ventricles is followed after a constant interval by 
a second ventricular contraction, and this, in turn, by a long diastolic pause 
of the same duration as that which followed systole when the ventricles beat 
rhythmically. Wenckebach (80) records five cases presenting this form of 
coupled rhythm of the ventricles. Similar cases have been reported by Hering 
(26) (Case II of his series), Finkelnburg, and Hay (22). 

No case has come under our observation in -which the ventricular beats in 
complete auriculo-ventricular heart-block were constantly coupled. In one of 
our cases, however, the ventricular beats were, at one time, often although not 
constantly coupled. This coupling is shown in Fig. 25, taken from a Tn a.n 
(Case II), aged 60, who had presented auriculo-ventricular heart-block for five 
years before the tracing in Fig. 25 was taken. We do not propose to dwell in 
detail upon the clinical features of this case. Tracings taken in 1905 have been 
recorded elsewhere (67), and certain features will be described more fully by one 
of us in conjunction with Dr. Jolly (34). One fact, however, to which we would 
draw attention is that the auricles are beating at a rate of from 250 to 300 per 
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minute (see Fig. 6). Electro-cardiograms demonstrate that the auricular con- 
tractions are co-ordinate beats, repi’esenting a condition which may be termed 
‘ flutter ’ rather than ‘ fibrillation 

In this patient, after the auriculo-ventricular block had persisted for at 
least five years, and after the auricular flutter had been present for many 
months, the ventricular rate, which had been constant at about 33 to 36 per 
minute, increased to 51 to 63 per minute. This increased frequency of the 
ventricles was associated with a well-marked group-beating of the ventricles. 
There were groups of from five to eleven, and in one instance sixteen, rapid 
ventricular beats (see Figs. 5 and 6), each group terminating with a long 
diastolic pause of about the same duration as that after a systole when the 
ventricles were beating rhythmically and less frequently. The following 
figures, taken from graphic records, represent the ventricular periods in seconds 
and show the group-beating : — 

1-80, 1-00, 0-90, 0-94, 0-86, 0-92, 0-90, 0-976, 0-92, 0-90, 1-76, 1-00, 0-90 (Fig. 6) 

1-68, 1-40, 1-00, 0-88, 0-90, 0-92, 0-88, 0-92, 0-92, 0-92, 0-90 

1-76, 1-44, 1-00, 0-93, 0-96, 0-90, 0-95, 0-90, 0-93, 0-96, 0-95, 1-72 

1-76, 1-44, 0-96, 0-95, 0-954, 1-80 

1-80, 1-42, 0-98, 1-78, 1-34, 1-80, 1-08, 1-56 

0-94, 0-90, 0-94, 0-90, 0-90, 1-84 

1-86, 1-00, 1-00, 1-24, 1-00, 1-00, 1-24, 1-04, 1-00, 1-30, 1-84 

The diastolic pause after the first systole of a group is longer than that after 
the second ; this is usually longer than that after the third and subsequent 
systoles. There is no lessening of the frequency of the ventricular rate towards 
the end of a group comparable to that recorded by Wenckebach (83). The 
jugulo-carotid tracing in Fig. 6 demonstrates that during the group-heating 
of the ventricles the auricles were in constant, rapid, rhythmic flutter at a rate 
of about 276-9 per minute. 

In some respects this case resembles more closely that recorded by Hertz 
and Goodhart (29) than any other in the literature. In their case of auricular 
tachycardia Avith a rate of about 234 per minute the rhythm of the ventricles 
was ‘ most frequently bigeminal and the ventricular rate varied from 44 to 170 
per minute, the latter rate being attained after the administration of atropine. 

The coupled rhythm and group-beating of complete aiiriculo- ventricular 
heart-block is discussed on page 75. 

iii. Coupled rhythm with perpetual arrhythmia {continual irregularity) 
of the ventricles. In most cases of perpetual arrhj^hmia, the ventricular rhythm 
is wholly disorderly. In some instances, however, the ventricular beats become 
linked in pairs. While the interval between the first and second beats of each 
couple is usually constant, that which separates the second beat from the first 
beat of the next couple remains inconstant, and thus a coupled rhythm is super- 
added to the perpetual arrhythmia. 

Considered from this aspect, cases of perpetual arrhjdhmia may be divided 
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into Wo groups : — (a) that in which the supevadded coupled rhythm is seldom if 
ever met with in series for any length of time, the coupled rhythm being a tran- 
sient and, apparently, accidental event ; and (6) that in which a coupled rhythm 
of the ventricles is more readily induced and more permanent. Mackenzie (56) 
has shown that the cases of the second group are old rheumatic cases (not those 
secondary to cardio-sclerosis associated with arterial degeneration), and that the 
coupled rhythm may he induced by administration of digitalis. 

An example of the first group is shown in Fig. 7 from a man (Case III), 
aged 40, who had suffered from acute rheumatism at the age of eighteen and 
from syphilis at the age of twenty. Nine years later, while on active service in 
South Africa, he began to complain of slight palpitation. Since then, however, 
he was always able for his work as a dock labourer or coal-miner, until one day, 
when he was hurrying up a long incline in the pit, he was seized with sudden 
and severe breathlessness and palpitation. A fortnight later he was admitted to 
the wards in the Edinburgh Royal Infirmary under the care of Dr. Bruce, who 
has kindly permitted us to refer to the case. The apex-beat was in the sixth 
left intercostal space, five and a half inches from the midsternal line, while the 
right border of the heart lay two inches to the right of the midsternum- A loud 
mitral systolic, a softer mitral diastolic, and an aortic systolic murmur were 
audible, while the second sound was accentuated all over the precordia. There 
was evidence of oedema of the lungs but not of the limbs. 

The arterial pulse was continually irregular. A portion of one of the 
tracings, taken four days after the patient’s admission to hospital, and two 
days after he had begun to take five minims of tincture of digitalis four- 
hourly, is reproduced in Fig. 7. The intersystolic periods in the cardio- 
gram were 0-40, 0-40, 0-44, 0-62, 0-43, 0-44, 0-96, 0-36, 0-56, 0'64, 0-66, 040, 
0-64, 040, 0-36, 0-50, 0-54, 0-56, 0-68, 0-36, 040, 0-36, 040|, 0-78, 0-66, 042, 0-56, 
042, 0-60, 0-60, 0-36, 0-50 seconds. These figures show that the intersystolic 
period before one or more coupled beats is in some instances relatively long (0-96, 
0-68, and 0-66). In other tracings from this patient, coupled beats were even 
less frequently present, and even after the administration of digitalis had been 
continued for several days the coupled rhythm never became pronounced. 

An example of the second group, with a more permanent coupled rhythm 
superadded to a perpetual arrhythmia, is given in Fig. 8. The patient (Case IV) 
was a woman, aged 49, under the care of Dr. Byrom Bramwell, to whom we are 
indebted for the opportunity of recording the case. She had suffered from 
scarlet-fever at the acre of five, but had never suffered from rheumatism or 
syphilis. Her heart, she stated, had always been ‘ weak ’, but especially so since 
the menopause. For the last five months she had been more breathless, the feet 
had begun to swell, she had palpitation and precordial pain on exertion and 
vertigo on rising from the recumbent posture. She was admitted to the 
Edinburgh Royal Infirmary suffei'ing from marked dyspnoea and general 
oedema. The right and left borders of the heart were one and a half and five 
and a half inches respectively from the midsternal line. A rough systolic 
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murmur of mitral origin was audible, and an aortic systob’c murmur of lower 
pitch was also present. The urine contained, albumin. 

When the patient was admitted to hospital the pulse was continually 
irregular*, and its rate was 96 per minute ; the ar*teries were thick and tortuous, 
and the systolic blood-pressure was equal to 140 mm. Hg. She was given ten 
minims of tincture of strophanthus thrice daily. Eight days later the rate of 
the cardiac impulse, and of the arterial pulse, was from 64 to 80 per minute. 
Four days later a coupled rhythm of the ventricles started, and on the following 
day tracings, a portion of which is reproduced in Fig. 8, were taken. The pulse 
wave in the radial arteries was of small volume, and the second beat of each 
couple was so feeble that it almost seemed as if the radial pulse was only half as 
frequent as the cardiac impulse. When one auscultated the heart, the first 
systolic murmur after a long diastole was followed by a closed second sound. 
This was quickly succeeded by another systolic muimur and closed second 
sound before the long pause recurred. No presystolic or diastolic murmurs 
were audible over any part of the preeordia. 

In Fig, 8 the coupled rhythm is best shomi in the cardiogram. In the 
sphygmogram the second beat of each couple is small and coincides with the 
instant at which the dicrotic wave of the first beat should appear. In the 
jugulo-carotid tracing there is a ventricular venous pulse with each beat of each 
couple. The intersystolic periods in the cardiogram of Fig, 8 are 041, 0-92, 
041, 1-28, 041, 0'86, 041, 1-20, 040, 1«24, 041, 1*26 seconds. In other tracings 
obtained on the same day the corresponding figures were 042, 1*16, 046, 1-06, 
142, 1-10, 0-42, 0-98, 0-48, 0-42, 0-70, 0-42, 0-42, 1-02, 0-42 seconds ; and again 
0-44, 1-34, 0-44, 1-30, 0-44, 1-30, 0-44, 1-20, 0-44, 1-32, 0-44, 0-94, 0-40, 1-20 
seconds. It is evident, therefore, that whereas in any one record the interval 
between the first and second beats of each couple is fairly uniform, the diastolic 
pause after the second beat of each couple is of variable duration, and con- 
sequently although there is a coupled rhythm there is also a perpetual arrhythmia 
of the ventricles. 

On the day that the tracings in Fig. 8 were taken, the dose of tincture of 
strophanthus was reduced to five mirums thrice daily. The coupled rhythm 
persisted until four days later, when it gradually disappeared. Thereafter the 
pulse was continually irregular, with a rate of about eighty per minute, until the 
patient, being much relieved, left hospital. 

Numerous records of this form of coupled rhythm are given by ilackenzie 
(49, 56), and cases are recorded by Gerhardt (Figs, 5 a, 5 b, and 10), Hering (26) 
(Case IF of his series). Hay (23), and NoiTis. The case of ‘ hemisystolic 
bradycardia ’ recorded by Balfour (2) is probably of the same nature. 

The explanation of this form of coupled rhythm will be discussed in a later 
part of this paper (see page 82). 

iv C'. 
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Fig. 9, or the coupled rhythm may be more persistent, as in the patients from 
whom the tracings, which are reproduced in Figs. 10, 11, 12, and 13, were obtained. 

The tracings in Fig. 9 were obtained from a patient (Case V) under the care 
of Dr. G. A. Gibson, who has kindly given us permission to refer to the case. 
The patient, aged 49, had beert suffering for some months from dyspnoea, dropsy, 
cyanosis, insomnia, and other symptoms of cardiac failure. The ventricular 
rhythm was usually regular, but sometimes there were short series of coupled 
ventricular beats. In Fig. 9 the intervals between the carotid waves are 0-52, 
1‘00, 0'56, 1-00 seconds, and again 0-54, 1*04, 0-52, 0-94 seconds. In Fig. 9, 
after two interauricular periods of 0-75 second, the auricular rhythm remains 
constant at 0-79 to 0-80 second, being unaffected by the extra- systoles of the 
ventricles. This fact alone suggests that the extra-systoles are ventricular rather 
than ‘ nodal ’ in origin. Moreover, when an extra-systole occurs, there is a large 
positive wave in the jugulo-carotid tracing, with a notch on its line of descent 
to indicate the carotid wave. It is evident, therefore, that the waves a and c 
occur almost synchronously. Now we know that whereas the commencement 
of the a wave coincides almost exactly with the commencement of auricular 
systole, the normal Vs-c interval is on an average from 0'05 to 0-07 of a second, 
and that in the case of an extra-systole it is appreciably longer because of the 
longer presphygmic period. We must therefore conclude that in the second beat 
of each couple in Fig. 9, where the. a and c waves are more or less fused in one, 
the ventricular contraction started before the auricular. The second beat of each 
couple is therefore an extra-systole of the ventricles which does not disturb the 
auricular rhythm, and it is therefore a ventricular extra-systole. 

A more persistent coupled rhythm, in which the second beat of each couple 
is a ventricular extra-systole, is represented in Fig. 13. The tracings were 
obtained from a man (Case VI), aged 33, who had suffered acute rheumatism 
seventeen years previously, and who, three months before he came under our 
observation, had been confined to bed for five weeks with an attack of influenza. 
He presented a soft mitral systolic murmur ; the radial arteries were thick ; the 
blood-pressure estimated by Martin’s modification of the Riva-Rocci sphygmo- 
manometer varied between 100 mm. and 130 mm. Hg. ; and the urine, although 
free of albumin, contained a few hyaline and granular casts. Throughout the 
four months during which the patient was under observation he always had the 
appearance of good health, and he was able to walk several miles daily without 
being either fatigued or distressed. At no time was he given digitalis. 

When the patient first came under observation the rate of the heart was 
48-3 per minute ; jugulo-carotid tracings presented a, c, v, and h waves with 
each beat; the a-c interval was 0-2 of a second; and there was slight sinus 
in-egularity. A fortnight later the ventricular rate was 42 to 43-6 per minute. 
There were many extra-systoles in which the auricle and ventricle were in 
contraction simultaneously, although the ventricle began to contract before the 
auricle. In some of the tracings taken on this occasion extra-systoles occurred 
singh^ or in series of twos or threes. In other tracings there was a coupled 
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rhythm. This is shown in Fig. 13, -where the intersystolic periods in the 
cardiogram are 1-20, 1-60, 1*20, 1-55, 1-25, 1-55, 1-20, 1-60, 1-20, 1-60 seconds. 
In' another tracing taken on the same day the ventricular intersystolic periods 
were 1-00, 1-62, I-IG, 1'60, 1-18, 1-62, 1*16, 1-64 seconds. 

Three days later the ventricular rate was 40-2 per minute, with intersystolic 
periods of 1-30, 1-66, 140, 1-71, 1-45, 1-40, 1-70, 1-42, 1-65, 1-22, 1-65, 1-53, 1-13, 
1'80, 1"50 seconds. On this occasion the ventricular arrhythmia was obviously 
due to partial auriculo-ventricular heart-block ; but there was also some sinus 
irregularity and an occasional ventricular extra-systole. 

A week later the ventricular rate was 43-6 per minute ; its rhythm was 
irregular owing to partial auriculo-ventricular heart-block, and to an occasional 
extra-systole which did not disturb the auricular rhythm. 

Eleven days later the auricles were beating 63 times per minute ; there 
was partial auriculo-ventricular heart-block, and the ventricular iiregularity 
was further intensified by the occurrence of many extra-systoles, which, however, 
did not disturb the rhythm of the auricles. 

Fourteen days later the ventricular rate was 48-6 per minute. The inter- 
systolic periods in one tracing were 0-93, 1>55, 1-20, 0*92, 1-50, 1-22, 1-55, 1-20, 
0-92, 0-92, 1-50, 1-38 seconds. Two, three, four, or five stimuli in succession 
reached the ventricles, but the third, fourth, fifth, or sixth stimulus respectively 
was blocked. Two months later every third stimulus to the ventricles was 
blocked. The first a-Vs interval after the block was 0'53 of a second, the 
second a- Vs interval was 1-01 of a second, and the ventricles were beating 
39-4 times per minute and quite regularly except for an occasional single 
exti-a-systole. The patient had no syncopal or epileptiform seizures at any 
time while he was under observation. 

One of the tracings showing the coupled rhythm in this case is reproduced 
in Fig. 13. With the fii'st beat of each couple the jugulo-carotid tracing 
presents a, c, and v waves. The a-Vs interval is 0-12 of a second ; the a-c 
interval is 0-20 of a second, and the Vs-c interval is 0'08 of a second. The 
first beat of each couple is therefore a normal beat of the heart. With the second 
beat of each couple there are two large waves marked a + c and v in the jugulo- 
carotid tracing. The moment at which the v wave terminates is synchronous 
with the lowest point (marked 6 in the tracings) on the cardiogram. The wave 
in question therefore terminates at the moment of opening of the auriculo- 
ventricular valves, and is consequently the ventricular wave. 

The large, broad-summit wave, marked a + c, commences about O-ll of 
a second after the start of the corresponding ventricular systole as determined 
on the cardiogram. As the ventricular contraction is premature the Ys-c 
interval cannot be less than 0-08 of a second — the Vs-c interval of the first 
teat — and will almost certainly be appreciably longer in virtue of a longer 
presphygmic period. Consequently the upstroke of the a + c wave is probably 
due in part to the carotid wave. But at the moment when the a + c w’ave 
starts, an auricular systole is due, and the wave is therefore also due in part to 

[Q. J. M., Oct, igio.] F 
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auiicular systole. The large size of the wave is thus due to two factors, 
(1) contraction of the right auricle while the ventricle is in systole and the 
tricuspid valve is closed, and (2) superposition of the a and c waves. 

We therefore conclude that when the tracings in Fig. 13 were taken the 
auricles were heating almost if not entirely rhythmically, and the coupled 
rhythm of the ventricles was due to regularly recurring- ventricular extra-systoles 
which did not disturb the auricular rhythm. 

Tracings from a third case of coupled rhythm in which a ventricular 
extra-systole recurs after each physiological heat are reproduced in Figs. 10, 11, 
and 12. They were obtained from a patient (Case VII) who was suffering from 
infective endocarditis of the mitral valve. He was a vanman by occupation, 
aged 24, and had suffered for a fortnight before admission to hospital from 
indefinite febrile symptoms which ensued immediately after the extraction 
of a tooth for a ‘ gumboil ’. The patient died from cardiac failure nine days 
after the occurrence of a cerebral embolus, and four weeks after the onset of 
his illness. 

On the patient’s admission to hospital, his pulse was regular and soft, 
but infrequent. Palpation of the cardiac impulse, which was full and wide- 
spread, showed that many of the cardiac contractions were missed at the radial 
artery; and tracings showed a coupled rhythm (Fig. 10). A mitral systolic 
murmur was present. The coupled rhythm 'was recognized on the patient’s 
admission and continued unchanged for nearly- twenty-four hours. Thereafter 
the rhythm was single until the day before death, when it was again coupled for 
a short time. The transition was not observed, but must have been of short 
duration. The only irregularity apart from the coupled rhythm occurred about 
forty-eight hours after admission, when a few couples were noticed. In the 
tracino- taken at that time, the pulse periods in seconds were 0-85, 0-5, 1-20, 0-8, 
0-8, 0-55, 1-25, 0-8, 0-8, 0-8, 0-55, 1-20, 0-85, 0-8, 0-5, 1-3, 0-8, 0-8, 0-85, 0-9, 0-9, 

0- 9, 0-9, 0-9, 1-0, 0-9, The full periods of the coupled beats were 1-7, 1-8, 1-75, 

1- 8 seconds. The average period of the single beats was 0-853 of a second, 
so that the long pause in a couple is fully, or more than fully, compensatory. 
Jugulo-carotid tracings, unfortunately, were not obtained at that time. 

The cardiogram in Fig. 10 shows that the second beat of each couple begins 
at a constant interval (0-45 of a second) after the commencement of the first 
beat, and is so premature that its effect upon the radial tracing is hardly 
appreciable. In the jugulo-carotid tracing (Fig. 11) the fii-st radial beat is 
synchronous with the wave marked c, the upstroke of which commences 0-05 
of a second previously. The wave h precedes c by 0-1 of a second, and a 
precedes c by 0-25 of a second. It is probable that h does not represent the 
carotid elevation, for the interval between the wave h and the beginiring of 
the radial upstroke being 0-15 of a second it is only slightly less than the 
Vs-radial interval (0-2 of a second) in Fig. 10. Moreover, the 5-radial interval 
(about 0-15 of a second) is considerably longer than the average c-brachial 
interval (0-065 of a second), a period which closely approximates to the actual 
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time (0-05 of a second) between the wave c and the onset of the radial beat 
in Fig. 11. The inference that the wave c is the carotid elevation is strengthened 
by the fact that the interval between c and the notch separating from 
coincides almost exactly with the period between the upstroke of the radial 
tracing and the second (dicrotic) notch upon its line of descent. The first 
beat of each couple is thus shown to be normal in all respects except that 
the a-G interval is somewhat prolonged. 

FolloAving the wave in Fig, 11 there is a large wave marked ® in the 

jugulo-carotid tracing, and this is sometimes followed by an h wave. The 

large ^ wave is in marked contrast to the minimal corresponding wave (the 

third wave in the descending line) of the sphygmogi’am, and is therefore not 

wholly a carotid wave. A comparison of the apical, jugulo-carotid, and radial 

tracings indicates that the second beat of each couple occurs synchronously with 

the wave ® of the jugulo-carotid tracing. And further, this tracing demonstrates 
c 

that the auricles are beating rhythmically. If, as we believe, the wave is 

c 

in part an auricular wave, it follows that in the second beat of each couple the 
auricular contraction is not premature, and the second beat of each couple 
is a regularly recurring ventricular extra-systole. 

Cases of a similar nature have been I’ecorded by Mackenzie (45, 52), Volhard 
(Case I Y of his series), Goteling Vinnis, A. G. Gibson (20), Einthoven, and Strubell. 

IV. Coupled Rhythms of Auricles and Ventricles. 

When both the auricles and the ventricles participate in the coupling, 
the two beats of each couple may be due to stimuli arising in different parts 
of the heart, or both beats may be due to stimuli from the same part of the heart. 

i. Coupled rhythm in which both auricles and ventidcles participate, and 
in which the two heats are due to stimuli from different parts of the heart. 
Case VIII illustrates this form of coupled i-hythm, and Case IX is probably 
of the same nature. 

The tracings in Fig. 14 were taken from a man (Case VIII), aged 59, 
who had been a labourer and coal-carrier, and who had suffered from acute 
rheumatism twenty -five years previously. His radial arteries were thick ; 
a systolic murmur was audible at the mitral area; and he had some dyspnoea 
on exertion. The urine did not contain any albumin. When the tracings in 
Fig. 14 were obtained, the patient was suffering from an attack of bronchitis. 
In Fig. 14 after five normal, rhythmic beats in which the a-c interval is 0-2 of 
a second, there is a premature beat of auricle and of ventricle. The first physio- 
logical beat after the long pause is followed by another premature beat which is 
represented by a large wave a + c in the jugulo-carotid tracing. After the next 
physiological beat there is again a premature, and almost synchronous, contrac- 
tion of auricle and ventricle, after which the heart reverts to a normal rhythm. 
In Fig. 14 the pulse peiiods estimated from the brachial tracing are 0-86, 0-86, 

F 2 
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0-87, 0-86, 0-53, 1-10, 0-60, 1-02, 0-60, 0-95, 0-80, 0-73, 0-73, 0-73, 0-73, &c., seconds. 
Thus ■when the coupled rhythm occurs, the post-extra-systolic pause is not fully 
compensatory ; and the rate of the heart is somewhat accelerated after the coupled 
rhythm ceases. ^ 

Two months later, this patient’s heart was beating rhythmically 81-08 times 
per minute, and the c^-Y s interval was 0-12 of a second. 

Another case, probably of the same nature, was a man (Case IX), aged 
55, a retired schoolmaster, who was under the care of Dr. Byrom Bramwell, 
to whom we are indebted for permission to refer to the case. Although the 
patient, having found his professional work too exacting, had retired therefrom 
seven years ago, he had been in good health for thirty years and had never 
suffered from acute rheumatism or any venereal affection. While on the top 
of a tramway-car, he was suddenly seized with a ‘chill’ in the epigastrium, 
accompanied by a sensation of ‘stiffness’ in the same region. He returned 
home, breathless, but without any pain or palpitation. A fortnight later, when 
he was admitted to the Edinburgh Royal Infirmary, the patient was markedly 
cyanosed and breathless, with some oedema of his back, with a right-sided 
hydrothorax, and with insomnia. The i-adial arteries were thick, and the pulse 
was irregular. The patient was given either of a grain of digitalin or 
five minims of tincture of digitalis every four hours, and after he had been 
in hospital for a week, his general condition was materially improved, and 
the amount of urine passed in twenty-four hours had risen from sixteen to 
fifty ounces. 

Tracings taken on the seventh day after the patient’s admission to hospital 
showed that the rate of the pulse in the brachial arieries, and of the cardiac 
impulse, was sometimes 92-3 per minute (see Fig. 15). On these occasions 
there was one cardiac impulse for each arterial pulsation, and the rhythm 
was regular. On auscultating the heart, one heard closed first and second 
sounds without any murmurs. 

At other times on the same day the pulse rate was only 58-8 per minute, 
but there were two cardiac impulses for each arterial pulsation. As is shown 
in the tracing from the apex-beat (Fig. 16), the first systolic rise in the 
cardiogram is followed after an interval of 0-4 of a second by a second systolic 
rise, after which there is a diastolic pause longer than that following the first 
beat. On auscultating the heart, one now heard three sounds (lub, dup, lub) 
for each arterial pulse. The first and third sounds coincided with systolic 
impulses at the apex-beat; the third sound was followed by a long pause. 
It was evident therefore that the second systolic impulse and the third sound 
represented a premature ventricular .systole, which occurred so early in diastole 
after the first beat that it failed to open the aortic valves and thus failed to 
cause a second sound or an arterial pulse wave. 

Transitions from the more frequent to the slower rate of the arterial pulse 
arc recorded in Fig. 26. From what has been already said, it is evident that 
the coupled beats in this figure do not correspond to coupled beats of the 
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ventricles, but that the longer pause on each occasion is due to a premature 
beat not being represented by any wave in the sphygmogram. 

The exact nature of the coupled rhythm in this case is somewhat uncertain. 
No satisfactory jugulo-carotid tracings could be obtained. The patient was 
breathless, and could not lie down in bed, and his sterno-mastoid muscles 
were contracted. The case does not appear to be one of that group in which 
a coupled rhythm becomes superadded to a perpetual arrhythmia under the 
influence of digitalis. It is true that the patient had been taking large doses 
of digitalis, but he had no valvular lesion, and he had not suffered from 
rheumatism. Moreover, in cases of perpetual arrhythmia with a superadded 
coupled rhythm, although the interval between the first and second beats of 
each couple may be constant, that between the second beat and the first of the 
succeeding couple is inconstant. The tracings in Fig. 16, however, show that 
not only is the interval between the fii-st and second beat of each couple 
constant, but that the interval separating the second beat from the first of the 
succeeding couple is likewise constant throughout. Further, when the coupled 
rhythm disappeared, the ventricular action was rhythmic, as is shown in 
Fig. 15. The day after these tracings were obtained the dose of digitalis 
was reduced, the coupled rhythm disappeared, and the ventricles became 
markedly arrhythmic for a few days. Thereafter the rhythm gradually became 
perfectly regular, and the patient made a good recovery. 

We regard this case as probably an instance of that form in which the second 
beat of each couple is an extra-systole. The ventricular intersystolic periods 
in Figs. 15, 16, and 26 indicate that the pause after the first beat of each 
couple is not fully compensatory, and consequently if the premature beats are 
extra-systoles they are probably of ‘nodal’ or auricular origin I'ather than 
ventricular. 

When we speak of ‘nodal’ extra-systoles as distinguished from auricular 
extra-systoles, we are following Mackenzie’s (50, 5 1) classification. In an auricular 
extra-systole, both auricle and ventricle contract prematurely, but the auricular 
contraction precedes the ventricular, and in consequence of delay in the trans- 
mission of the stimulus from auricle to ventricle and the longer presphygmic 
period a precedes c by a longer period than obtains in a physiological beat. 
In a ‘nodal’ extra-systole, although both auricle and ventricle contract pre- 
maturely, there is only a single large wave in the jugulo-carotid tracing which 
Mackenzie interprets as evidence of simultaneous contraction of auricle and 
ventricle, and which he suggests may be due to the stimulus arising at, or 
in the neighbourhood of, the aurieulo-ventrioular node. In our opinion, the 
necessarily long presphygmic period associated with an extra-systole makes it 
probable that in a ‘ nodal ’ extra-systole the ventricle commences to contract 
before the auricle. 

In some extra-systoles the co-c interval is much shorter than normal, though 
both auricle and ventricle contract prematurely. We" suggest that when the 
Vs-As interval is so shoii; that c occurs very soon after a (see Fig. 13), the 
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stimulus originates at a higher level in the auriculo-ventricular bundle (perhaps 
in the neighbourhood of the a-v node) than is the case -when the a and c waves 
are fused together. 

A tracing (Fig. 12) taken from Case , VII seven daj's after the tracings 
in Fiof. 11 had been obtained, and at a time when the cardiac action was 
regular and frequent, shows only two waves, and if they represent a and c, 
the o-c interval is only 0-06 of a second, and h is no longer present. As will 
be seen in a paper published by one of us (5) the node of Tawara was found 
to he involved in an inflammatory lesion, whereas the auriculo-ventricular 
bundle was intact. While we do not feel justified in defining the exact site 
of origin of the stimuli with this rhythm, it is evident that, as the a-c interval 
is so short and as the presphygmic period must be taken into account, the 
ventricles presumably must have started to contract together with, or even 
before, the' auricles. We may therefore conclude that the stimuli causing 
each beat in Fig. 12 arise at some part of the heart whence they can be 
transmitted rapidly to the musculature both of the auricles and of the 
ventricles, causing all the chambers of the heart to contract more or less 
synchronously. 

The relation of the ct and waves in the jugulo-carotid tracings of extra- 
systoles is dependent, howcVer, upon other factors than the mere time-relations 
of Vs and As. As Robinson and Draper point out, a weak cardiac contraction 
is followed by a prolonged presphygmic interval. Further, the earlier the 
extra-systole the less active is the conduction and the longer is the presphygmic 
interval. The time relationship of the extra-systole to the preceding physio- 
logical beat is therefore important, and the earlier the extra-systole the later will 
he the appearance of the c wave in the jugulo-carotid tracing. 

Cases with a regularly recurring ‘ nodal ’ extra-systole have been recorded 
by Mackenzie (53), Laslett, Rautenberg, and Norris (Case IV of his series). 
Gerhardt’s case of ‘ hemisystole ’ may probably be included in this group. 
Case III of Volhard’s series is spoken of as a ‘ Pseudo-alternans bigeminus from 
auricular extra-systoles ’ and as ‘ auricular bigeminy ’ ; but in Fig. 7 of Volhard’s 
paper, although both auricle and ventricle contract prematurely in the second 
beat of each couple, the u-c interval is shorter than that of the first beat. 
We therefore regard the case as a coupled rhythm with a recurring ‘ nodal ’ 
rather than ‘ auricular ’ extra-systole. A regularly recurring ‘ nodal ’ extra- 
systole was observed by Cushny (8) in a dog under the influence of aconitine. 

We have not observed any instance of a coupled rhythm in which the 
second heat of each couple was undoubtedly a regularly recurring aui-icular 
extra-systole. Five cases are recorded in the literature: — (1) Volhard’s case; 
which we have just discussed. (2) The first case of Hering’s (26) series, and 
(3) Wenckebach’s (78) case. In both these cases, as in Case IX of our series, 
the pause after the second beat of each couple was not fully compensatory, and 
the extr-a-systoles were therefore supposed to have arisen in the auricle. But no 
jugulo-carotid tracings are recorded, and therefore we cannot be certain whether 
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the second beat of each couple may not have been a ‘nodal’ rather than an 
‘auricular’ extra-systole.' (4) The case recorded by Can'idn and Eizaguirre. 
In Fig. 9 of their paper the a-c interval of the second beat of each couple is 
not longer, but on the contrary shoi-ter, than that of the iBrst beat. (5) The 
transient coupled rhythm in the case of paroxysmal tachycardia recorded by 
Lewis (40). In Fig. 17 Lewis considers that the bigeminy consisted of ‘ normal 
beats and auricular extra-systoles ’. 

ii. Coupled rhythm, in which both auricle and ventricle participate, and in 
which both beats of each couple are due to stimidi from the same part of the 
heart. This is the condition which Wenckebach (80) designates true bigeminy 
of the heart. The following case illusti-ates this form of coupled rhythm. 

The patient (Case X), a painter by ti-ade, aged 44, had never suffered from 
any serious illness until, six months before his admission to hospital, he began 
to complain of dyspnoea, cough, and dropsy. When admitted to hospital the 
patient was cyanotic and dropsical, and there was a large pleural effusion on the 
right side. The heart was considerably enlarged both to the right and to the 
left. Double murmurs of aortic origin were present, and there was probably 
mitral reflux as well. The urine Contained a considerable amount of albumin. 
The patient’s condition was extremely critical for a few days, and even after 
improvement did occur compensation was never fully restored, and although he 
was able to walk about without discomfort during the later part of his residence 
in hospital, he became breathless on the least exertion and was never able to lie 
down flat in bed at night. 

Notwithstanding the serious degree of cardiac failure, the pulse rate was 
never rapid, and was usually about eighty per minute. The coupled rhythm 
was fii-st noticed twelve days after admission, and recurred at longer or shorter 
intervals throughout his residence in hospital. The incidence and duration 
of the coupled z'hythm was variable. At first it came on frequently and lasted 
for a considerable time. Later it only occurred at longer intervals, and lasted 
for shorter periods, sometimes for not moz'e than ten minutes. Change of posture, 
variations in respiration, muscular effort, &c., were all at this time apparently 
effective in checking the coupled rhythm, whereas at first they had no such 
effect. We were never able, however, to induce a coupled rhythm when the 
heart was beating regularly. Digitalis was administered to this patient only 
for a few hours after his admission to hospital, and had not been given for more 
than ten days before the coupled rhythm was first noticed. 

Tracings showing the commencement and termination of the coupled 
rhythm were obtained on several occasions. The change in every instance was 
abrupt. In Fig. 21 the radial pulse periods are at first 0-95, 0-95, 0-90, 0-90, 
0-90, 0'90 seconds, and this is suddenly succeeded by periods of unequal length, 

namely, 0-65, 1-15, 0-55, 1-25, 0-6, 1-25, 0-55, 1-25, 0-55, 1-20 seconds. 

In another tracing periods of 0'75, 0-75, 0-75, 0-7, 0'7, 0-75, 0-75, 0-8 were 
followed by 0-55, 1-00, 0-5, 1-00, 0-5, 1-00 seconds. In yet another tracing the 
periods were 0-85, 0-85, 0-80, 0-85, 0'90,.0-80, 0-7, 1-05, 0-5, 1-15, 0-5, 1-2, 0-55, 1-1, 
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0-5, 1-15 seconds. Fig. 19 shows the termination of the coupled rhythm which sud- 
denly changes from periods of 0-6, l-O, 0-6, 1-0, 0.6, 1-0, into 0-8, .... 0-8, 0-8. 

The variations in the pulse periods during the normal rhythm in Fig. 20 
make it difficult to say whether the pause after the second heat of a couple is 
fully compensatory ; but in Fig. 21 the pause is fully compensatory. On one 
occasion a tracing was obtained showing two groups each of three beats amongst 
the coupled beats. This is shown in Fig. 18. The average duration of the 
couples is here 147 seconds, and that of the group of three beats is 2-25 seconds, 
wffiich is slightly longer than three times the theoretical normal period, 0-735 
of a second. 

As the pause after the second beat of the couples in Fig. 21 is fully 
compensatory it would appear as if the second beat were a ventricular extra- 
systole. The jugulo-carotid tracings, however, indicate that this is not the 
case, but that both beats own the same origin. In Figs. 18, 19, 21, and 22, the 
waves marked c occur 0-05 of a second before the radial, and thus record 
the carotid beats. The waves marked a are auricular waves which occur 0-1 
of a second before the carotid waves. In Fig. 18 the short a-c interval is also 
apparent with the third beat of the group of three, and it also obtains when 
the rhythm was regular as in Fig. 20, 

The a-c interval, therefore, is short (0-1 of a second) in all the tracings. 
Although such a short a-c interval is not uncommon in sinus rhythms 
with a frequent rate of the heart, it is unknown with a pulse rate of 66. And 
when the presphygmio period is taken into account, the As-Vs interval 
is probably too short for the normal sinus, auricle, ventricle sequence. We 
therefore suggest that the stimuli in this case originate at a lower level than the 
sinus, and yet above the level at which ordinary ventricular extra-systoles arise 
(compare p. 69). 

V. Chief Clinical Features of the Cases Recorded. 

In all the cases of our series presenting a coupled rhythm there have been 
signs of mitral regurgitation or evidence of cardiac failure. We have never 
observed a coupled rhythm in an individual who did not manifest some evidence 
of cardiac weakness. The cases in which the coupled rhythm was long 
maintained were cases of pronounced heart failure; but in others, for example 
Case V, presenting a coupled rhythm for shorter periods, the degree of heart 
failure was almost as severe. With the exception of Case IX, in which the 
ventricular rate was 92-3 per minute, and the cases of auriculo-ventricular 
heart-block, the ventricular rate was of moderate frequency. Some of our 
cases were taking digitalis, others were not. 

VI. Explanation of Coujjled Rhythms. 

We have ah-eady discussed the causation of coupled rhythm of the ventricles 
in partial auriculo-ventricular heart-block. The remaining forms of coupled 
rhythm still require consideration. 

Several theories have ab-eady been brought forward as an explanation 
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of coupled rhytbms, but none of them are wboUy satisfactory, for, as we 
have shown, coupled rhythms are of various kinds. 

The association of a coupled rhythm with digitalis has been discussed 
by many writers, amongst whom mention may be made of Lorain, Huchai-d, 
Fauconnet, Henschen, and Meriden. A coupled rhythm, it is generally agreed, 
is most commonly met with in cases of mitral disease with an enfeebled heart 
and a pulse rate which is infrequent from full doses of digitalis. Henschen has 
suggested that in these cases, on account of the prolongation of diastole produced 
by the drug, the auricles are incompletely emptied at their regular systole. 
With the succeeding ventricular systole the reflux from the ventricle still further 
distends the left auricle, and the excessive pressure which results incites the 
auricles to contract prematurely. But as their contraction occurs before the 
ventricles are properly distended the contraction of the latter produces only 
a feeble wave in the aorta. Following the extra-systole, the auricular 
excitability is so far reduced that a complete distension of their cavities is 
required to evoke a new contraction, and the succeeding diastole is in con- 
sequence prolonged and more or less compensatory. Henschen’s theory is 
plausible, and with some modification would be applicable to cases of coupled 
rhythm in which the second beat of each couple was a regularly recurring 
auricular extra-systole. But if a regularly recuning auricular extra-systole 
does occur, it is evidently a rare phenomenon, and we know that the second 
beat of each couple is most frequentlj^ a ventricular extra-systole. 

Wenckebach (80, 83) considers that the term ‘true bigeminy of the heart’ 
should be confined to cases of coupled i-hytbm in which both auricles and 
ventricles participate in the coupling,' and in which both beats are due to 
stimuli arising from the same part of the heart. One explanation of ‘ true 
bigeminy’, he says, would he an undue prolongation of the stimulus which 
lasted so long that it outlived the initial contraction and refractory period, 
and so produced the second beat. But as all the available evidence indicates 
that the stimulus material is completely destroyed by each successive contrac- 
tion, this theory cannot be accepted. Wenckebach’s second and more tenable 
explanation is that, from defective excitability, some of the muscle fibres in 
the immediate vicinity of the venous ostia fail to react to the primitive 
stimulus ; but with the steady increase of excitability during their prolonged 
diastole these fibres eventually respond and so initiate the second beat. 
Wenckebach also suggests that a similar result might ensue from a local and 
partial failure of conductivity at the basal part of the heart, leading to 
dissociatio/i of muscle fibres in this region. We must admit that such dissocia- 
tion may ioecur as the result of myocarditis or of functional disturbance from 
vagal stimulation. A latent dissociation in the sino-auricular re^on may 
perhaps be revealed or intensified by the administration of digitalis. If we 
gi’ant that dissociation of muscle fibres in the basal portion of the heart be 
possible, it seems reasonable to conclude that some of the fibres in that region 
may ^ot contract until a later period than other fibres, that both of these 
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basal contractions may be folloTved by contraction of auricle and of ventricle, 
and that a coupled rhythm of the whole heart may thus ensue. Wenckebach's 
explanation of ‘true bigeminy’ may be correct, but it is applicable only to 
one form of coupled rhythm, not to all. We agree with Hering (27), who 
states that there is no essential difference between a ‘ sporadic bigeminus ’ and 
‘ continual bigeminy for both depend on extra-systoles. 

We are inclined to believe that all coupled rhythms, whatever their nature 
(except some of those in auriculo-ventricular heart-block), may be produced by 
a similar mechanism, and we will state our theory in general terms : — Whenever 
an enfeebled heart is unduly irritahle in an abnormal site, any excessive rise of 
intracardiac pressure may produce a regularly recurring premature systole 
^uhich originates in the irritable area. 

At the present time it is generally believed that every part of the cardiac 
musculature possesses the inherent property of initiating rhythmic contractions 
which may spread from the site of origin over the whole of the heai-t. In 
normal individuals the contraction originates near the great veins, and the usual 
sequence of events, contraction of sinus, auricle, and ventricle, is supposed to be 
due to the rate of stimulus-production being more frequent in the sinus than 
elsewhere, the auricular and ventricular rhythms of slower rate never ^havirlg 
the chance of obtruding their rhythm on the heart. 

We know that the rate of stimulus-production in the sinus may yaxy greatly 
from causes of a general kind (emotion, exercise, debility, fever, &c.), and that 
the response of the heart to rhythmic sinus stimulation may be interrupted by 
contractions arising in the auricle or in the ventricle (extra-systoles). We have 
little knowledge of the causes of extra-systoles. In some cases they recur 
frequently ; in others they are rare events : in some cases they are observed 
week after week ; in others only for a few days. It is evident, however, that 
there must be some local cause for their occurrence, some abnormal condition of 
the tissues where the contraction starts. 

Local lesions in the cardiac muscle are extremely common, and origmate in 
several ways ; as the result of lesions in the coronary vessels and of inflammation 
of the endocardium or pericardium, and in the genei-al infections apart from 
special arterial or inflammatory afiections. It is generally agreed that while 
destruction of tissue involves loss of function, irritation of tissue produces an 
iiritability of function. In meningitis, for example, the early symptoms are those 
of increased cerebral irritability ; those of cerebral depression occur later. 

We do not suggest that every extra-systole is due to a local lesion in the 
musculature of the heart, for the hyperexcitability may be due to functional 
disturbance in the nutrition of the part involved. But it is suggestive that the 
cases which notoriously are associated most frequently with arrhythmia are 
cases of mitral disease and of cardio-sclerosis, precisely the types of case in 
which the cardiac musculature is most frequently seriously damaged. Micro- 
scopic examination of the cardiac muscle is but rarely made from this point of 
view, yet a number of cases have been recorded where the regions of the sino- 
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auricular and auriculo-ventricular nodes and of the auriculo-ventricular bundle 
have been found to be damaged when the intrinsic cardiac rhythm was more 
or less seriously: disturbed. 

The experimental researches of Knoll and Hering (25) have demonstrated 
that extra-systoles may be induced by constriction of the aorta or of the 
pulmonary artery, or by reflex stimulation of the vaso-motor system. Hering 
also mentions that he has seen in an isolated and somewhat distended rabbit’s 
heart, 's^^hich was slightly poisoned by magnesium sulphate, the contraction 
wave passing alternately from base to apex and from apex to base. The latter 
wave was shown in the graphic record as the smaller second beat of the couple. 

In Pletnew’s experiments, cardiac arrhythmia was induced by electrical 
stimulation of the vaso-motor centre. This raised the arterial blood-pressure, 
and coincident with this the heart’s rate was lessened. In twelve out of 
flfteen cases there was arrhythmia, consisting of extra-systoles, singly, in groups, 
or persisting for longer periods (continual bigeminy). In all the experiments 
the extra-systoles were ventricular. In the two instances of continual bigeminy 
the rise of arterial blood-pressure was sudden. In one case of continual 
bigeminy the arrhythmia persisted for at least a minute after stimulation was 
stopped and the blood-pressure had fallen. Pletnew also records the effects of 
constiictiori of the aorta. This is followed by slowing of the heart, which beats 
more forcibly, and soon thereafter extra-systoles occur, followed in turn by 
longer periods of continual extra-systoly — polygeminy — which lasts as long as 
the aorta is clamped. The heart’s rate is meanwhile accelerated. 

From a study of electro-cardiograms, Rothberger and Winterberg conclude 
that extra-systoles may originate in either the right or the left heart according 
as the pulmonary artery or the aorta be narrowed. These observations, in 
conjunction with those of Knoll, Hering, and Pletnew, lead to the supposition 
that extra-systoles may be induced whenever the heart’s capacity for w'ork is 
inadequate to meet the strain thrown upon it. Excessive intracardiac pressure 
may doubtless be produced in a variety of ways, but it will certainly accompany 
any undue prolongation of diastole (von Frey), or the synchronous contraction 
of auricle and ventiicle. In the following pages we shall demonstrate that both 
synchronous contraction of auricle and ventricle and prolongation of diastole 
may be followed either by a single extra-systole or by a coupled rhythm. 

Synchronous contractions of auricle and ventricle followed by a ventri- 
cular extra-systole. Coupled rhythm, of the ventHcles in complete auriculo- 
ventricular heart-block. In many cases of complete auriculo-ventricular 
heart-block the auricular and ventricular systoles may every now and again 
occur synchronously without the (dissociated) rhythm either of auricles or of 
ventricles being disturbed. In some cases, however, whenever auricular systole 
coincides with that of the ventricles the latter is followed after a short 
diastole by a second beat. This sequence of events is recorded in Fig. 17. The 
patient from whom the tracings were obta-ined was a cabman, aged 66, sufiering 
from arterip-sclerosis, mitral disease, and auriculo-ventricular heart-block. The 
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case has been recorded elsewhere (21), and it was there shown that the block 
was sometimes partial, and at others complete, and that it disappeared entii’ely 
while the heart was under the influence of atropin. Tracings taken in 1906 
(Fig. 17), and electro-cardiograms taken in 1909 by Dr, JoU;^, demonstrate that 
when auricular systole happens to coincide with the beginning of ventricular 
systole, a ventricular extra-systole follows. In Fig. 17, and in the upper diagram 
of Fig. 29, which is constructed from an electro-cax-diogram, the diastolic pause 
after the , extra-sj^stole is approximately of the same duration as that after the 
antecedent rhythmic ventricular beats. In the lower diagram of Fig. 30 the 
first extra-systole is an interpolated one. 

In this case, then, of mitral disease and heart-block, when auricular systole 
happens to coincide with the commencement — but not with the end — of ventri- 
cular systole, the usual mitral reflux from ventricle to auricle is lessened in 
amount, w'hile the auricle is unable to empty its contents into the ventricle. 
At the termination of ventricular systole, the residual blood in the left ventricle 
is therefore excessive in amount, and the diastolic influx from the over-full 
auricle quickly raises the intraventricular pressure to such a height that a 
ventricular extra-systole ensues. 

As a single extra-systole of the ventricles may be induced by synchronous 
contraction of auricle and ventricle in auriculo-ventx'icular heart-block, it might 
be supposed that some instances of continued coupled rhythm of the ventricles 
recorded in complete auriculo-ventricular heart-block might possibly be due to 
an auricular systole invariably coinciding with the first ventricular beat of each 
couple. Unfortunately the jugulo-carotid or apical tracings that have been 
published do not always afford conclusive evidence either to prove or disprove 
this hypothesis. The explanation, however, seems to bo applicable to the 
continual coupled rhythm of the ventricles in the case of auriculo-ventricular 
heart-block recorded by Yinnis. In Fig. 32 of his paper the auricular rhythm 
suggests that the auricles were in contraction during the fii-st ventricular beat of 
each couple. In Figs. 27, 28, 29, and 30, there is no coupled rhythm, and 
auricular systole seldom occurs during a peidod of ventricular systole. 

In Wenckebach’s (82) tracings of coupled rhythm in complete auriculo- 
ventricular heart-block, the coupled rhythm is evidently not due to synchronous 
contraction of auricles and ventidcles. Wenckebach (82) suggests that to a single 
stimulus the ventricles respond by two contractions. Lewis and Mack (42) show 
that in heart-block the electro-cardiogram of the second beat of a couple may be 
of the same form as that yielded by the first beat. Nicolai and Plesch, however, 
demonstrate that the second ventricular beat of each couple may yield an 
atypical electro-cardiogram, and Lewis (38) states that the electro-cardiogram of 
the second beat may be comparable to that of a ventricular contraction starting 
in ‘ an area of venriicular musculature lying to the left and in the neighbourhood 
of the heart’s apex ’. 

Electro-cardiograms taken bj' Dr. Jolly from Case II of our series demon- 
strated that, with the exception of one or two beats in a series of records, the 
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second ventricular beat of a couple gave the same form of curve as the first beat. 
Moreover, the beats of the groups were not atypical. The question therefore 
arises whether the coupled beats, and the group-beating, of the ventricles in 
Case II may be the expression of an incomplete auriculo -ventricular heart-block. 
The rate of ventricular contraction (51 to 63 per minute) is suggestive of an 
incomplete block, and the figures recorded on p. 61, indicating the duration 
of the intersystolic periods in the gi'oups, are somewhat analogous to those 
recorded by Wenckebach (79) from cases of partial auriculo-ventx’icular heart- 
block. Further evidence in favour of a partial block at the time when the 
ventricles were in group-beating was afibi'ded by the acceleration of the ventri- 
cular rate from 41.02 to 48-2 beats per minute, twenty-one minutes after of 
a grain of atropine sulphate had been administered subcutaneously. Four years 
previously a similar dose of atropine had only increased the frequency of the 
ventricular rate from 34-88 to 36-58 per minute. ' 

In support of the supposition that the block was still complete during the 
period of three months while the coupled beats and grouped beats of the 
ventricles were noticed, we have the evidence of the pre-existing block, 
persisting for five years and apparently always complete, and that during the 
nine months that have elapsed since the group-beating was last noticed the 
ventriculai’ rate has been again fairly constant at about 31 to 36 per minute. 
If the block were complete, the group-beating of the ventricles may be regarded 
as analogous to the series of rapid rhythmic ventricular contractions described 
by Gaskell (17) as following the application of a single stimulus to the auriculo" 
ventricular ring of muscle, and likewise as analogous to the group-beating of 
the ventricles after the production of experimental heart-block in dogs 8, 11, and 
12 of the series recorded by Erlanger and Blackman. 

Synchronous contraction of auricle and ventricle followed hy an auricular 
extra-systole. The tracings in Fig. 24 wei'e obtained from a woman, aged 22, 
suffering from gastric ulcer. She was under the care of Dr. G. A. Gibson in the 
Edinburgh Royal Infii-raary, to whom we are indebted for the opportunity’ of 
recording the case. The patient was not taking any digitalis or strophanthus. 
In Fig. 24 the auricles are seen to be beating rhythmically except that beats V, 
VIII, and XII are premature. Each of these px-emature beats follows a syn- 
chronous contraction of auricle and ventricle (beats IV, VII, and XI), the 
coincidence of auricular and ventricular contraction being due to the occurrence 
of a ventricular extra-systole (V. Ex.). In Fig. 24 the first three beats are 
rhythmic and the auricular contraction precedes that of the ventricles. The 
next beat is a ventricular extra-systole occurring at the same time as a rhythmic 
systole of the auricles. The auricle, contracting while the ventricle is in systole, 
cannot empty its contents into the ventricle. The succeeding auricular systole 
is premature and is associated with a premature ventricular beat, A ventricular 
extra- systole is therefore followed by an auricular extra-sy’stole. The same 
sequence of events is recorded on two other occasions in Fig. 24, namely 
•beats VII, VIII, and XI, XII, 
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Another example is recorded in Fig. 23. The tracing was obtained from 
a woman, aged 36, suffering from acute rheumatism. A partial heart-block 
of transient character was present. A regular rhythm of 96 heats per minute 
alternated at times with a much less frequent and irregular pulse, long pauses 
occumng after one, two, three, or more beats. During the frequent rate the first 
sound at the apex of the heart was followed by a short, soft, whiff ; with the 
infrequent beats the murmur was longer and louder, replaced a considerable 
portion of the first sound, and ran for some distance into the short pause. As 
the tracing shows, during the frequent ventricular rate, the delay in the conduc- 
tion of the stimulus to the ventricle was so great that ventricular contraction 
occurred immediately before the succeeding auricular contraction, and at a time 
when the auricle was ah-eady so full that regurgitation from ventricle to am-icle 
could only be minimal, however great the mitral incompetence. With infrequent 
ventricular beats the prolonged rest restored conductivity to such a degree that 
ventricular contraction occurred relatively early in relation to the succeeding 
auricular systole, and at a time when, the auricle being not yet nearly full; 
a maximal regmgitation was possible and a longer murmur was in consequence 
audible. 

The cause of the irregularity in Fig. 23 is complex. The case is recorded in 
detail elsewhere (6). A reference to the diagram of Fig. 23 shows that the 
auricular rhythm is irregular, the As-As periods varying from 0-5 to 0-7 of 
a second. Conductivity is defective, and the a-c intervals vary between 0-3 and 
0-5 of a second, and a ventricular contraction frequently drops out. The sphygmic 
period is plotted out in the diagram, and it is evident that the shorter As-As 
periods succeed synchronous contractions of auricle and ventricle, the periods 
being shorter the more nearly do the commencements of auricular and ventricular 
contraction coincide. To As 4, occurring immediately after a ventricular con- 
traction, succeeds an As-As period of 0-7 second ; while to As 5, which occurs 
in the middle of ventricular contraction, succeeds a period of 0-o5 second. 
As 6 occurs apart from ventricular systole, and the succeeding period measures 
0-7 second. 

An auricular extra-systole following a ventricular extra-systole is recorded 
by Mackenzie (47). 

Synchronous contraction of auricle and ventHcle associated ivith a coupled 
rhythm. From our previous argument, it is apparent that the auricular and 
ventricular contractions in Case X (Figs. 18, 19, 20, 21, and 22) occur syn- 
chronously, the whole heart beating in response to stimuli which arise at a lower 
level than the sinus and most probably in the auricular musculature. In this 
case of mitral incompetence, the coincidence of auricular and ventricular 
contraction entails with each successive systole an incomplete emptying of auricle 
and ventricle, and consequently, even at the beginning of diastole, an undue 
distension of auricle and ventricle. If but once, from some change in the 
respiratory phases, or from some rise of aortic pressure, the requisite demree 
of auricular distension be too early obtained, a premature contraction will ensue. 
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This early etnptj'ing of the auricle occurs at a time when the venous channels 
are relatively empty, and a longer pause than before must ensue before the 
requisite degree of intra-auricular pressure to produce a new contraction is again 
attained. After the longer interval the venous channels are relatively overfilled, 
and with auricular diastole the auricle becomes rapidly distended, and an 
early contraction in consequence succeeds. The coupled rhythm may thus 
continue indefinitely until from extrinsic causes the flow of blood into the 
auricle is lessened, and the cardiac contraction occurs with an amount of blood 
in the various cavities which they are able to expel without distress. 

The relation hdxwen coupled rhythms and respiration. The influence of 
the respiratory movements upon blood pressure has been recognized for a long 
time, and many observers have, in consequence, sought to demonstrate a parallel 
between the respiratory and cardiac rhythms on the assumption that variations 
in the amount of blood supplied to the auricles - might induce variations in the 
pulse rate. The whole question is' discussed fully by von Frey (16), who points 
out that the respiratory movements have also an indirect effect on the blood 
pressure, for every congestion of blood in the medulla oblongata raises the tone 
of the vagus centre, and thus accelerates the rate of the heart’s contractions. 
Moreover, moderate distension of the lungs causes reflexly an increased frequency 
of the pulse. Thus each inspiration is accompanied by an increased frequency 
of the pulse, and each expiration by a diminished frequency of the pulse. It has 
been demonstrated repeatedly, however, that the pulse rate in healthy adults is 
but little altered either with forced or frequent breathing of in full apnoea. 
In disease, too, the same often holds good. In Cheyne-Stokes respiration, for 
example, the pulse rate not infrequently varies with the respiratory phases, 
but although the cardiac periodicity may be as well marked as the respiratory, 
there is no constant relation between the two. The pulse rate may be increased, 
slowed, or unaltered during apnoea in different cases, though the variation remains 
more or less constant in the same individual. 

In some cases, however, and especially in childhood and adolescence, an 
apparently exact I’elation may be observed. Fig. 27 shows a tracing obtained 
from a lad, aged 18, who was suffering from acute rheumatism but who presented 
no evidence of cardiac disease. His pulse was notably irregular, yet the jugulo- 
carotid tracings presented an auricular venous pulse. In Fig. 27, respiration was 
performed to order’. During the early part of the tracing, the breathing was 
infrequent and the pulse-beats occur in twos and threes, the pauses between the 
beats coinciding with those between expiration and inspiration. When the 
patient held his breath, the pauses became more frequent and separated even 
individual beats. With more frequent breathing the pulse became accelerated, 
and rapid, panting breathing almost abolished the ii-regularity. A single coupled 
beat is shown in the tracing of Fig. 27, and it suggests that a regular coupled 
rhythm might have been obtained by careful regulation of the respu-atory cycles, 
but, as this point was not at the time under observation, no actual experiment 
was made. 
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Respiratory curves were taken in Cases II, VIII, IX, and X of our series. 
In Case VIII (Fig. 14) there does not appear* to be any definite co-relation 
between the onset of the transient coupled rhythm and respiration, and the 
cessation of coupled rhythm during a long expiratory phase may be accidental. 
In Case IX (Figs. 15 and 16) the onset, duration, and cessation of the 
coupling were uninfluenced by respiration. In Case X full voluntary respiration 
occasionally induced a sudden cessation of the coupled rhythm. In this case, 
however, the rhythm for a considerable time was unstable, and disappeared on 
change of posture, excitement, &c. We were never successful in our attempts to 
induce a coupled rhythm when the cardiac action was regular. In Case II 
the group-beating of the ventricles bore no relation to the respiratory 
movements. 

We have made many observations on the influence of respiration in cases of 
perpetual arrhythmia. While the pulse rate does appear to be definitely 
influenced by the respiratory movements, the relation is indefinite and erratic. 
In a general way, frequent breathing increases both the regularity and the rate 
of the cardiac action, which during apnoea becomes less frequent and more 
irregular. In perpetual arrhythmia, coupled beats may occm* with any phase of 
respiration. 

Undue prolongation of diastole causing a single extra-systole. The fii*st 
beat after an unduly long diastole is sometimes followed by an extra-systole. 
This event is shown in Fig. 28, which was taken from a goods porter, aged 47, 
who was sufiering from seborrhoea. His heart was of normal size, the radial 
arteries were apparently nonnal, and the cardiac impulse was not unduly 
forcible. Yet his blood pressure was high (Martin’s modification of the Riva- 
Rocci sphygmomanometer giving a systolic pressure of 180 mm. Hg.), and the 
second sound at the aortic area was loud and ringing. The pulse was usually 
rhythmic, its rate being 63 per minute, and the a-c interval in the jugulo-carotid 
tracing was 0-20 of a second. Two extra-systoles are recorded in Fig. 28. After 
four pulse periods of 1*06, l-Oo, 1-05, 1-00 seconds respectively, there comes 
a longer period of 1*10 seconds, and 0-6 second after the commencement of the 
succeeding pulse wave there occurs an extra-systole. After the ordinate, the 
first pulse period measures 1-22 seconds ; the beat succeeding the long diastole 
on this occasion is followed after an interval of 0-53 second by an extra-systole 
with a post-extra-systolic pause which is not fully compensatory. None of the 
subsequent pulse periods exceed 1-15 seconds, and there are no more extra-systoles. 
The condition is analogous to a coupled beat produced experimentally, for the 
intracardiac pressure must have become unduly high during the long diastole. 
In the absence of venous and apical tracings we cannot be certain that the • 
extra-systoles were of auricular origin, but as the post-extra-systolic pause after 
one of them was not fully compensatory, it is probable that both were auricular- 
extra- systoles. 

A similar series of events is recorded in Fig. 4, from a patient, aged. 48, 
affected with mitral stenosis and perpetual arrhythmia. The first beat after 
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a long pause . is followed by a premature beat. In tracings recorded by 
Wenckebach (81) a similar sequence of events is depicted. 

Undue prolongation of diastole p>roducing a regularly recurring extra- 
systole. (a) Of auricular origin : — Henschen’s theory has already been stated (see 
p. 73). With slight modification it seems to aflbrd a feasible explanation of 
a coupled rhythm in which the second beat is a recurring aui-icular extra-systole. 
In this form of coupled rhythm the auricle is assumed to be unduly irritable and 
weak, and mitral insufiiciency to coexist. In such a case, if diastole be pro- 
longed on but one occasion, the auricles will become over-distended and therefore 
unable to empty themselves completely with then* systole. With ventricular 
systole and the reflux of blood from left ventricle to left auricle, the latter will 
be rapidly over-distended, and the excessive intra-auricular pressure will excite 
a prematui’e contraction of the auricles, foUowed in due course by a premature 
ventricular contraction, as is represented in the diagram of Fig. 30. At the 
time when the ventricular contraction starts, the ventricle is as yet incompletely 
filled, and the regurgitant blood is this time insufficient to distend the auricle to 
such a degree as to excite a new contraction, which will only obtain when the 
next sinus stimulus reaches it. The long diastole which consequently ensues 
again entails auricular over-distension, and the coupled rhythm will continue 
indefinitely until from some external influence the flow of blood into the auricle 
is lessened, and with an auricular contraction of sinus origin no over-distension 
of its cavity coincides. 

(b) Of ventricular origin : — In this form of coupled rhythm the ventricle is 
assumed to be unduly in’itable and enfeebled, and mitral insufficiency to coexist. 
If on any one occasion the diastole of the heart be prolonged (see Fig. 31), the 
ventricle at the conclusion of auricular systole will be over-distended, and even 
although the contractility of its musculature has improved during the longer 
period of rest the ventricle may be unable fully to expel its contents. This 
failure on the part of the ventricle wiU be intensified if auricular weakness 
coexists, and the auricle haying been incompletely emptied by its systole the 
usual mitral reflux had been lessened in amount. At the end of its systole, the 
ventricle is consequently incompletely emptied, and the diastolic influx from 
the over-full auricle will rapidly produce so great a degree of distension that the 
irritable area, in the ventricular wall initiates a premature contraction. The 
prematurity of the systole ensures a complete emptying of the ventricle, for 
the auricle is still relatively empty, and thus no over-distension of the ventricle 
will occur before the second sinus stimulus reaches it in the usual manner. But 
with the lengthened diastole, the ventricle is again over-distended, and the 
coupled rhythm will continue. An example of a coupled rhythm following 
a long diastole is recorded by Mackenzie (45). 

The essential difference between regularly recurring auricular and ventri- 
cular extra-systoles is merely a difference in site of the irritable area, which in 
one case initiates a premature contraction in the auricle, and in the other in the 
ventricle. 
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Cardiac weakness, mitral reflux, and an infrequent pulse from full doses of 
digitalis are of frequent occurrence. For the production of a coupled rhythm 
in which the second beat is a regularly recurring extra-systole, a further factor, 
namely an undue irritability of auricle or of ventricle, is required. 

G(mpled rhythm in perpetual arrhythmia. No satisfactory explanation of 
a coupled rhythm in perpetual arrhythmia that is applicable to all cases has yet 
been given. 

We know that when the auricles under faradization are in fibrillation, the 
ventricular rhythm is wholly disorderly. The experimental researches of 
Fredericq (14) showed that the stimuli exciting the ventricles to disorderly 
contraction are conducted to them by means of the auriculo-ventricular bundle. 
The observations of Cushny and Edmunds (9), Mackenzie (50), Hirschfelder 
(31), and Rothberger and Winterberg, suggested the possibility of perpetual 
arrhythmia of the human ventricles being associated with auricular fibrillation, 
and the researches of Lewis (41) have conftnned the accuracy of this hypothesis. 
The investigations carried out by one of us in conjunction with Dr. JoUy (34) 
have convinced us that in perpetual arrhythmia the auricles are in the condition 
known as * fibrillation Whether the musculature of the sinus is flutterincr at the 

O 

same rate as that of the auricles we do not know, but there is no dii’ect evidence of 
a slower sinus rhythm in electro-cardiograms from cases of perpetual arrhythmia. 

In cases of perpetual arrhythmia, the manner in which vagus stimulation, 
digitalis, atropine, and psychical impressions influence the rate of ventricular 
contraction indicate that the ventricles ai-e not beating with a ventricular rhythm 
comparable to that in complete auriculo-ventricular heart-block. This is also 
indicated by the frequency of the ventricular rate in aU the cases except those 
termed ‘ nodal bradycardia ’ by Mackenzie (54). The investigations of Monckeberg 
and of Walter Koch have demonstrated that in perpetual arrhythmia the node 
of Tawara and the auriculo-ventricular bundle may present no signs of disease. 
Further-, electro-cardiogi-ams prove that in perpetual arrhythmia the wave of 
contraction usually passes over the different parts of the ventricular musculature 
in normal sequence, for the records seldom present any beats which, according 
to Einthoven’s nomenclature, are ‘ atypical ’. We may therefore conclude that 
in pei-petual arrhythmia, the stimuli for ventricular contraction usuaUy pass 
to the ventricles by way of the auriculo-ventricular bundle, just as they do -when 
the auricles, under faradization, are in fibrillation. 

The distinctive character of the ventricular beats in perpetual arrhythmia 
with a superadded coupled rhythm can only be elicited by electro-cardiograms, 
and the records are still too few in number for any general conclusion to be 
drawn. Lewis (39) states that in two cases of perpetual airhythmia with 
a coupled rhythm under the influence of digitalis, the second beat of each couple 
proved to be of intrinsic ventricular origin. There may perhaps be no essential 
difference between the coupled rhythm of perpetual arrhythmia and that occurring 
in hearts in which the auricles are beating in a co-ordinate fashion. All cases of 
perpetual arrhythmia do not develop a coupled rhythm when substances of the 
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digitalis group are administered. The well-known effect of these drugs in 
depressing the conductivity of the auriculo-ventricular bundle suggests that the 
coupled rhythm following their administration may be a manifestation of an 
antecedent defect of conductivity which is revealed or intensified by the action 
of the drug. But it is doubtful whether the coupled rhythm of perpetual 
arrhythmia can be regarded wholly as the expression of a partial heart-block 
induced by digitalis or strophanthus. The shortness and the relative constancy 
of the diastole which separates the first from the second beat of each couple 
seems almost to preclude the conception of this form of coupled rhythm as 
a partial heart^block. 

It appeal’s more probable that the second beat of each couple arises at 
a lower level in the heart than that of the first beat. Digitalis in large doses 
increases the excitability of the heart, and will therefore favour the occuiTence 
of extra-systoles. Moreover, the drug lessens the frequency of the ventricular 
beats. This effect is probably in part due to vagus stimulation leading to 
depression of conductivity in a damaged auriculo-ventricular bundle, and perhaps 
may be due in part to a rise of the arterial blood pressure under the influence of 
digitalis. But the lessened frequency of the ventricular rate, however it be 
produced, entails prolongation of ventricular diastole, and consequently increased 
intraventricular pressure. In an eai’lier part of this paper we have demonstrated 
that when the auricles are contracting in a co-ordinate manner the first ventri- 
cular beat after a prolonged diastole may be followed by a single extra-systole, 
or that the prolonged diastole may be foUowed by a coupled rhythm in which 
both auricle and ventricle participate. 

We suggest that in the coupled rhythm of perpetual arrhythmia the second 
beat of each couple may likewise originate in the ventricles, and that the second 
beat will usually yield an ‘ atypical ’ electro-cardiogram. Further information 
on this point is still required. We do know that the coupled rhythm of 
perpetual arrhythmia is observed in cases of mitral disease with an enfeebled 
heart and a relatively infrequent ventricular rate owing to digitalis or strophan- 
thus. We know that these are important factors in detei-mining the onset of 
a coupled rhythm in a heart with the auricles beating in response to a funda- 
mental and dominant sinus rhythm, and it is probable that the coupled rhythm 
of the ventricles in perpetual arrhythmia differs therefrom only in so far as the 
auricles are in the one case in fibrillation, and in the other are contracting in 
a co-ordinate manner. 

We have much pleasure in acknowledging the assistance given to us by 
numerous Residents in the Royal Infii-maries of Edinburgh and Glasgow, and 
thank particularly Drs. L. Storey, R. J. Binning, J. W. MacLeod, A. R. Paterson, 
E. G. Glover, J. L. Cochrane, H. F. Smith, Maxwell Ross, and W. F. Buist. 

In conclusion we desire to avail ourselves of this opportunity of recording 
our grateful indebtedness to Dr. James Mackenzie for much personal help and 
encouragement in our study of diseases of the heart. 

G 2 
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Summary. 

Coupled rhythms of the heart may occur from various causes. They are 
often due to a regularly recurring extra-systole, which is most frequently of 
‘ ventricular ’ origin. 

Synchronous contraction of auricle and ventricle, and an undue prolongation 
of diastole, necessarily produce an increase of the intracardiac pressures, and are 
often followed by a premature systole. 

It is suggested that, whenever an enfeebled heart is unduly irritable in an 
abnormal site, any excessive rise of intracardiac pressure may induce a regularly 
recurring premature systole which originates in the irritable area. 

The coupled rhythm so often noticed in cases of ‘ perpetual arrhythmia ’ 
under the influence of substances of the digitalis series, is probably produced by 
a mechanism similar to that of the coupled rhythms in which an extra-systole 
recurs after each physiological beat. 
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DESCRIPTION OP FIGURES. 

Fig. 1. Jugulo-carotid and radial tracings from a case of pulsus alternans. The time- 
record indicates 0-1 of a second (p. 58j. 

Pig. 2. Each extra-systole is followed by an alternating pulse in which the smaller arterial 
pulse wave is delayed. The time-record is 0-2 second. The apical tracing is an inverted 
cardiogram (p. 58). 

Fig. 3. Case I. Jugulo-carotid and radial tracings, and diagram constructed therefrom. 
The intervals a-a, a-c, and c-c are indicated in the diagram. There is a coupled rhythm of 
the ventricles in partial (3 : 2) auriculo-ventricular heart-block. The time-record indicates 
0-1 of a second (p. 59). 

Fig. 4. Brachial and apical tracings from a case of mitml stenosis and perpetual 
arrhythmia. The first beat after a long pause is followed by a premature beat. The time- 
record is 0-1 second (p. 80). 

Fig.- 5. Case II. Group-beating of the ventricles (p. 61). 

Pig. 6. Case II. Gropp-beating of the ventricles associated with flutter of the auricles at 
a rate of 276-9 i)er minute (p. 61). 

Fig. 7, Case III. Coupled rhythm with perpetual an-hythmia of the ventricles (p. 62). 

Pig. 8. Case IV. Coupled rhythm with perpetual arrhythmia of the ventricles (p. 62), 

Pig. 9. Case V. Occasional coupled beats, of the ventricles. The second beat of each 
couple is a ventricular extra-systole (p. 64). 

Pig. 10. Case YII. Coupled rhythm of the ventricles. The second beat of each couple is 
a ventricular extra-systole (p. 66). 

Fig. 11. Case VII. Coupled rhythm of the ventricles, the second beat of each couple being 
a ventricular exti-a-systole. The auricles beat almost rhythmically throughout. The wave b is 
discussed on p. 66. 

Pig. 12. Case VII. Tracings taken seven days later than those in Fig. 11. The coupled 
rhythm has disappeared. The a-c interval is 0-06 of a second (pp. 66, 69). 

Fig. 13. Case VI. Couided rhythm of the ventricles, a ventricular extra-systole occurring 
after each physiological beat (p. 64). 

Fig. 14. Case VIII. Coupled rhythm of auricle and ventricle. The second beat of each 
couple is a ‘ nodal ’ extra-systole (p. 67). 

Fig. 15. Case IX. The ventricles contract rhythmically after the disappearance of the 
coupled rhythm (p. 68). 

Fig. 16. Case IX. Continuous coupled rhythm. The second beat of each couple, 2, is so 
premature that it is not represented in the brachial tracing (p. 68 ). 

Pig. 17. Auriculo-ventricular heart-block. The third ventricular systole coincides with 
an auricular systole, and is quickly followed by a second contraction (p. 75). 

Pig. 18. Case X, showing coupled rhythm and groups of three beats (p. 72). 

Pig. 19. Case X, showing the termination of the coupled rhythm. The pause after the 
second beat of each couple is fully compensatory (p. 72). 

Fig. 20. Case X. Regular rhythm (p. 71). 

Fig. 21. Case X. Coupled rhythm of auricles and ventricles, both beats of each couple 
being due to stimuli from the same part of the heart. The tracing shows the onset of the 
coupled rhythm (p. 72). The time-record is 0-1 second. 

Fig. 22. Case X, showing coupled rhythm (j). 72). 
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Fig. 23. Mitral endocarditis and partial heart-block. The short a~a intervals follow an 
auricular contraction occurring during ventricular systole. "When the auricular and ventri- 
cular systoles coincided, the systolic murmur was much shorter and less loud than when the 
auricles contracted during ventricular diastole (p. 78). The time-record is O-l second. 

Fig. 24. Each synchronous contraction of auricle and ventricle, occasioned by a ventri- 
cular extra-systole, is followed by an auricular extra-systole (p. 77). 

Fig. 25. Case II. Coupled beats in auriculo-ventricular heart-block (p. 60). 

Fig. 26. Case IX. The frequent beats of the brachial pulse correspond to rhythmic ventri- 
cular beats ; the infrequent beats of the pulse were associated with a coupled rhythm of the 
ventricles. The second beat of each couple is represented in the cardiogram (Fig. 16) but not 
in the sphygmogram (p. 68). 

Fig. 27. Respiratory and radial curves from a case of acute rheumatism. When the 
breathing is infrequent, there are |;roups of two or three pulse-beats separated by a long 
pause. With more frequent breathing, the pulse becomes accelerated and the irregularity 
lessened. The time-record is 0-1 second (p. 79). 

Fig. 28. Brachial pulse tracing and time-record 0-2 second. The first beat after each 
unduly long diastole is followed by an extra-systole with a post-extra-systolic pause which is not 
fully compensatory (p. 80). 

Fig. 29. Diagrams constructed from electro-cardiograms to show the contractions of 
auricle and ventricle in a case of mitral disease and heaii-block. When auricular systole 
coincides with’ the beginning of ventricular systole, the latter is followed by a ventricular 
extra-systole (p. 76). 

Fig. 30. Diagram to illustrate a prolonged diastole followed by a coupled rhythm of 
auricles and ventricles, the second beat of each couple being an extra-systole which originates 
in the auricle (p. 81). 

Fig. 31. Diagram to illustrate a prolonged diastole followed by a coupled rhythm of the 
ventricles, the second beat of each couple being a ventricular extra-systole (p. 81). 
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THE OUTLOOK OF SUFFEEER3 PROM EXOPHTHALMIC 

GOITRE 

By W. HALE WHITE 

Thebe is much uncertainty as to whether it is desirable to operate for 
exophthalmic goitre, and doing so has frequently led to the death of the 
patient, therefore it seemed worth while to try to form some opinion as to the 
outlook for sufferers from this disease. In this paper the attempt has been made 
to do this by following the after-history of a large number of cases. I am much 
indebted to my Clinical Assistant, Dr. Jan Mahomed, for kindly writing to all 
the hospital patients, and to my colleagues for allowing me to refer to cases under 
their care. : The hospital patients are those — 169 in number — admitted into 
Guy’s Hospital during the years 1888-1907 (both inclusive). . I did not take 
those earlier than 1888, for very few who were in the hospital before 1888 can 
now be traced. Of the 169 cases 

21 died in the hospital, 

54 can be traced, 

75 accounted for, 

leaving 94; the letters sent to 59 of these were returned ‘Not known’, the 
addresses of 5 were unintelligible, and 30 did not reply, although each was 
written to three times. The attempt was made in the spring of 1910 to find out 
what had become of every private patient suflTering from exophthalmic goitre 
Avhom I had seen between 1894 and the end of 1909. . In nearly every instance 
I was able to obtain information, and I should like to take this opportunity 
of thanking the many doctor's who have answered my letters. 

Reserving patients who have been operated upon for later consideration, my 
material from which to try to glean some information as to the outlook of 
sufferers from exophthalmic goitre who have not undergone any operation for 
this disease is that I have been able now (1910) to trace 49 patients (see Table A, 
which contains 54 cases, but 5, viz. 41, 45, 50, 62, 53, have been operated upon) 
who have been in Guy’s Hospital during the twenty years 1888-1907 inclusive, 
and 53 private patients first seen between the years 1894 and 1909 inclusive 
(Table B of 57 private patients contains two, viz. 11 and 12, who could not be 
traced ; they ai'e included because they are mother and daughter and the past 
history showed the course of the disease ; one, 53, who had one lobe of the thyroid 
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removed, and one, 57, -svho died "while undergoing the same operation).^ Among 
the 49 hospital patients 8 are no"w dead (Nos. 3, 5, 8, 10, 12, 14, 17, 33), and among 
the 53 private patients 7 are now dead (Nos. 3, 19, 27, 33, 45, 47, 52). 
I submitted my figures to my friend ilr. H. C. Thiselton and he has kindly 
given me an actuarial report, which is as follows : — 

Group of hospital cases (Table A). 

Owing to the paucity of the data it was impossible to deduce a column of 
the ‘ rate of mortality ’ which would, be in any way reliable ; and the only means 
of getting a very general idea of the mortality was to compare the actual deaths 
■with those which would have occurred among the same body of lives if the 
moi-tality had followed that of a standard mortality table. 

A comparison of the actual deaths was accordingly made with the ‘ expected 
deaths’ according to the ‘ Healthy Females Experience of twenty British Offices 
amongst Assured Lives ’ (1863) — ff. 

This comparison showed that the total number of deaths was approximately 
as under : — 

8 actual deaths, 

5 according to the Experience. 

In view of the fact, however, that there were no known deaths at all over 
age 45, and only one death under age 30, it is quite impossible to draw 
any conclusions as to the comparative rates of mortality at the older and 
younger ages. 

If we compare the mortality bettveen ages 30 and 45, excluding two cases in 
which the age at death is unknown, we find that the number of deaths was 
as under : — 

5 actual deaths, 

3 according to the Experience. 

Group of private cases (Table B). 

In this second group a similar comparison was made, with the result that 
the mortality would seem to be very similar to that in the case of the 
first group. 

The actual total number of deaths was as under : — 

7 actual deaths, 

3 according to the Experience. 

In this case there was only one death over age 45 and two under 30. Com- 
paiing, as before, the mortality between ages 30 and 45, and excluding one death 
where the age at death is unkno-wn, the number of deaths was as under : — 

3 actual deaths, 

2 according to the H*' Experience. 

As mentioned above, the data are so few that it would be dangerous to draw 

’ It also contains two other cases operated on, but in one, No. 54, all that was done was 
that the isthmus was divided to relieve dyspnoea, and the other, No. 21, had had one lobe 
removed seven years before, ^vas as bad as ever when I saw her, and no operation was done for 
the condition for which I saw her. They are therefore included in the 53 cases. 
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any conclusions from the facts here set out, except perhaps the general con- 
clusion that the mortality experience seems to be heavier than -would be 
expected according to a well-known standard table. 

I am sorry my cases are not sufficiently numerous to give more precise 
results, but I hope that others will add their collections of cases to the 102 (49 
from Table A + 53 from Table B) here considered. The total deaths were 15, 
but the expected deaths according to the ‘ Healthy Females Experience Table ’ 
should have been 8. These figures suggest that if it were possible to obtain 
a great many more cases we should probably be able to prove that the expected 
mortality of suflferers from exophthalmic goitre not operated upon who have 
been in a hospital and discharged, and of sufferers from it in . private practice 
who sought a second opinion (for all the private cases were referred to me by 
their usual medical attendant), would be about twice as great as it should be ; 
but it must be remembered that nearly all the patients, were of such an age that 
the expected deaths among the healthy are few, and therefore twice the expected 
number is not a great number. But this suggestion must not be transferred 
without qualification to exophthalmic goitre generally, because all the patients 
here considered were ill enough either to come into a hospital or to desire a second 
opinion. The inclusion of all cases of exophthalmic goitre, and therefore of many 
slight cases, would almost certainly make the expectancy of life better than 
appears from my figures. But, on the other hand, during the twenty years 
1888-1907 18 sufferers from the disease died in the hospital (Table C of fatal 
hospital cases contains 21, but 3 died as a result of operation on the thyroid), 
therefore the total number of hospital cases (apart from those operated upon) of 
which we know the result up to date is 49 + 18 = 67, of whom 8 + 18 = 26 are 
dead. This, however, gives too serious a view of the mortality, for during the 
twenty years under consideration there were 94 cases not operated upon who 
left the hospital and cannot be traced. If the mortality among them was the 
same as among the 49 who could be traced 15 would now be dead, giving a total 
mortality of 26 + 15 = 41 out of 67 + 94 = 161 hospital cases. These figures 
indicate that the outlook is more serious among the poor than among the well- 
to-do, for among 53 private patients only 7 died, and I shall later suggest 
a cause for this difference. I placed those who died in the hospital separately 
from those who could be traced from it, for all those who died in the hospital, 
apart from those who died as a result of an operation on the thj^roid, wei’e so ill 
that no operation on the thyroid gland could have been performed upon them, and 
I wished to see what became of those who left the hospital, so as to provide figures 
which might in the future be of use in determining whether an operation was 
desirable for those who were not so ill that it was impossible to operate upon them. 

The fatal cases other than those operated upon need not detain us long. 
We will first consider those patients who died in the hospital (Table C). It is 
well known that diarrhoea and, to a less extent, vomiting often accompany 
exophthalmic goitre, and that in many instances these symptoms subside under 
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treatment, but one or both of these were very evident in 11 (1, 2, 3, 8, 10, 11, 
12, 15, 16, 18, 19) of the 18 patients not operated on who died in the hospital 
during the twenty years under consideration, omitting one case in which 
the'vomiting may have been due to cerebral softening (7). These figures indicate 
that it behoves us at once to put the sufferer from exophthalmic goitre to 
bed when vomiting or diarrhoea supervene, and to do our best to stop these 
symptoms. Often there is naked-eye evidence of gastro-enteritis at the post- 
mortem examination, and often, as was pointed out many years ago, Peyer’s 
patches are prominent. It will be of interest in future cases to try to 
discover the micro-organism responsible for the gastro-enteritis, for it may then 
be possible to do good with a vaccine. Six cases (8, 9, 10, 11, 12, 15) became 
delirious and one (17) became comatose. I have no reliable figures to show how 
many who become delirious or comatose recover, but my impression is that the 
supervention of either is of bad augury. Two cases (12 and 16) had melancholia, 
and one (14) had mania. In one case (4) mitral disease was present and in 
one (10) endocarditis and peiicarditis were present. Two (6, 10) had rheumatic 
fever and one (9) attributed the onset of the disease to rheumatic fever. These 
cases illustrate the well-known association between rheumatic fever and 
exophthalmic goitre. Two (11, 14) had pneumonia and one (15) broncho- 
pneumonia. One (13) apparently died of diabetic coma, a point of interest when 
we remember that glycosuria may be present in those who have exophthalmic 
goitre, but I know from observation that it may pass away and may not have 
returned twenty years after it was found. In only one of the 8 hospital 
patients who died outside the hospital was I able to find the cause of death ; that 
patient died of pneumonia. Of the 7 private patients who died (apart from 
operation) one (3) succumbed to phthisis, one (27) to pleural effusion, one (52) to 
heai't disease, one (33) to alcoholism, one (47) to diarrhoea, and two (19 and 45) 
to diabetes. Diari-hoea does not figure nearly so largely as among those who 
died in the hospital, and my impression is that it is more common among hospital 
than among private patients suffering from exophthalmic goitre. Probably this 
is due to the fact that private patients are much more likely than hospital 
patients to go to bed when they get diarrhoea, therefore it rarely becomes 
serious with them. We have already noticed the interest of death from diabetes. 
Considering the frequency with which cerebral symptoms (delirium, coma, 
melancholia, mania) occurred among the fatal hospital cases it is strange that they 
are not mentioned as having been present in any of the fatal private cases. 

We will now see what is to be learnt from the cases which were traced and 
did not die. Let us first take the hospital cases (Table A) containing 54, 
of which 8 (3, 5, 8, 10, 12, 14, 17, 33) died. As all we know of No. 39 is that 
she is still alive, she cannot be considered, and Nos. 41, 45, 50, 52, 53 were 
operated on. Therefore 8 1 + 5 = 14 need not now be considered, leaving 

40, which I have grouped into (a) those that have done well (1, 2, 4, 6, 9, 15, 
18, 19, 20, 24, 25, 27, 28, 29, 30, 31, 32, 34, 35, 37, 40, 42, 47, 48, 49, 51), twenty- 
six in number, (i) those that are moderately well or simply describe themselves 
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as better (11, 13, 16, 31, 32, 26, 36,. 38, 43, 44, 46, 54}, twelve in number, and 
those (c) who are not well (7, 33),. two. in number. 

With regard to group (a) a glance at the table will show that they really are 
very weU. No. 1 has required no ti'eatment since she left the hospital twenty- 
one years ago ; 4 was a bad case in the hospital twenty years ago, has worked 
hal'd for eighteen years, has man-ied, has three childi-en, is now a widow ; 6 in 
the hospital twenty years ago, since then worked as a district nurse, subsequently 
mai-ried, and has four children ; 9, in the hospital sixteen years ago, feels quite well, 
has not had a doctor for twelve years ; 15 when in the hospital eleven years ago 
had had the disease ten years, after leaving the hospital, since when she had had 
no treatment, she married, and has six children ; 18, in the hospital eight and 
a half years ago, is now quite well, and has been in service for five years 
without a single day’s illness ; 24 is included in this group as she is able to go to 
work; 25 is working as, a cook; 29 does not now know there is anything the 
matter; 32 is now , quite well, and has been so since her . discharge ; 34 is 
twondWfully better ’• ; 35 is perfectly well ; 37 has had no return of old complaint 
and is married ; 40, in the hospital eight and a quarter years ago, has been well 
ever since she left the hospital, went into service for four years, then married, has 
four children, and never needs a doctor ‘ although she pays into a club ’ ; 47 was 
quite cured by an American goitre cure; 48 attributes her improvement to 
pregnancy. The other cases do not call for any special mention. 

Turning to group (b) 11 is included in it as she has had several attacks of 
mental derangement, but she is now considerably better and in a situation ; 13 
says her health is fairly good but she was able to take a situation after leaving 
Guy’s, then she married, and has two children ; 16, 21, and 23 are now much 
better ; 26 has a little breakdown occasionally but is much better on the whole ; 
36 is now much better ; 38 has improved ; 43, 44, 46, and 54 are all evidently, 
from the words they use, considerably better. These twelve cases have all 
improved, and no doubt some of them might with justice be put. in group (a). 
Even the two cases which I have put in group (c), those not well, say that they 
are better. It seems therefore to be a fair conclusion to say that these 40 hospital 
cases have done well, and that judging by them exophthalmic goitre appears 
likely to get well even if no operation is performed, a conclusion borne out by 
clinical experience, for we do not often see elderly women suffering from it, and 
the mortality from it, which we have already discussed, is certainly not severe 
enough to account for this. 

Now let us consider the private cases which did not die. Table B contains 
57 cases, two (11 and 12) of which could not be foUowed after I saw them, but 
in both the history could be traced a long way back, so they may be included. 
From these 57 we must deduct 3 operated upon (53 and 57), and 7 (3, 19, 27, 33, 
45, 47, 53) who died, leaving 48 ; ^ of these we know very little of No. 46, so we 
have 47 cases to consider. Grouping them in the same way as we did the hospital 

“ In a previous footnote I have stated why Nos. 21 and 54, although operated on, are not 
deducted. 
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treatment, but one or both of these were very evident in 11 (1, 2, 3, 8, 10,11, 
12, 15, 16, 18, 19) of the 18 patients not operated on who died in the hospital 
during the twenty years under consideration, omitting one case in which 
theVomiting may have been due to cerebral softening (7). These figures indicate 
that it behoves us at once to put the sufferer from exophthalmic goitre to 
bed when vomiting or diarrhoea supervene, and to do our best to stop these 
symptoms. Often there is naked-eye evidence of gastro-enteritis at the post- 
mortem examination, and often, as was pointed out many years ago, Peyer’s 
patches are prominent. It will be of interest in future cases to try to 
discover the micro-organism responsible for the gastro-enteritis, for it may then 
be possible to do good with a vaccine. Six cases (8, 9, 10, 11, 12, 15) became 
delirious and one (17) became comatose. I have no reliable figures to show how 
many who become delirious or comatose recover, but my impression is that the 
supervention of either is of bad augury. Two cases (13 and 16) had melancholia, 
and one (14) had mania. In one case (4) mitral disease was present and in 
one (10) endocarditis and pericarditis were present. Two (6, 10) had rheumatic 
fever and one (9) attributed the onset of the disease to rheumatic fever. These 
cases illustrate the well-known association between rheumatic fever and 
exophthalmic goitre. Two (11, 14) had pneumonia and one (15) broncho- 
pneumonia. One (13) apparently died of diabetic coma, a point of interest when 
we remember that glycosuria may be present in those who have exophthalmic 
goitre, but I know from observation that it may pass away and may not have 
returned twenty years after it was found. In only one of the 8 hospital 
patients who died outside the hospital was I able to find the cause of death ; that 
patient died of pneumonia. Of the 7 private patients who died (apart from 
operation) one (3) succumbed to phthisis, one (27) to pleural effusion, one (52) to 
heart disease, one (33) to alcoholism, one (47) to diarrhoea, and two (19 and 45) 
to diabetes. Diarrhoea does not figure nearly so largely as among those who 
died in the hospital, and my impression is that it is more common among hospital 
than among private patients suffering from exophthalmic goitre. Probably this 
is due to the fact that private patients are much more likely than hospital 
patients to go to bed when they get diarrhoea, therefore it rarely becomes 
serious with them. We have already noticed the interest of death from diabetes. 
Considering the frequency with which cerebral symptoms (delirium, coma, 
melancholia, mania) occurred among the fatal hospital cases it is strange that they 
are not mentioned as having been present in any of the fatal private cases. 

We will now see what is to be learnt from the cases which were traced and 
did not die. Let us first take the hospital cases (Table A) containing 54, 
of which 8 (3, 5, 8, 10, 12, 14, 17, 33) died. As all we know of No. 39 is that 
she is still alive, she cannot be considered, and Nos. 41, 45, 50, 52, 53 were 
operated on. Therefore 8 + 1 + 5 = 14 need not now be considered, leaving 
40, which I have grouped into (a) those that have done well (1, 2, 4, 6, 9, 15, 
18, 19, 20, 24, 25, 27, 28, 29, 30, 31, 33, 34, 35, 37, 40, 42, 47, 48, 49, 51), twenty- 
six in number, (6) those that are moderately well or simply describe themselves 
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Mild or average. Severe. Very severe. 

9 Private . . 1,5, H, 28, 2 54 

32, 37, 38 

7 1 1 

Cases that did not do well; 

2 Hospital . . 7, 3 0 0 • 

3 Private . . 13, 38 16 0 

4 10 

It. is of interest to notice that 8 hospital and 17 private cases grouped as 
severe or very severe have done well. We have already seen that the mortality is 
higher among hospital than private cases. Therefore these figures indicate that at 
any rate for those severely ill the outlook is better the better the social position. 

The tables at the end of this paper state how long each patient said she had 
been ill. I have not attempted to draw any conclusions from this, for the patient’s 
statement may be unreliable, and the period in the illness at which the patient 
comes under observation depends upon the severity of the symptoms and other 
factors. 

We will now consider the hospital cases which have been operated upon. 
Five (41, 45, 50, 53, and 53) are in Table A. 41 does not say what operation 
was performed, but as it was done in 1905 we may safely assume that one lobe 
of the thyroid was removed, she says she is better ; 45 had the right lobe removed 
sis years ago, now she is fairly well and better for the operation ; 50 had the 
right lobe and isthmus removed, she ‘received gi’eat benefit’ but her health 
is now ‘ very bad at times ’ ; 52 bad right lobe removed and is now perfectly 
well ; 53 had the left lobe removed, she is better but by no means well. All 
these five were mild or average cases, and in all three or more years have elapsed 
since the operation. Three hospital cases, none of them severe cases, died as 
an immediate result of operation. Table C (5, 20, 21) ; 5 died, as have many 
patients after removal of part of the thyroid, from nervous symptoms and 
pyrexia; 20 died the day after the removal of one lobe, and 21 died on the 
operation table while the inferior thyroid arteries were being tied. Of the 
private cases three were operated on (31, 53, 57) ; 54 is not included as only 
the isthmus was divided. No. 31, a severe case, had the left lobe removed, was 
better for a time, then the right lobe enlarged enormously and she had again 
all the symptoms of exophthalmic goitre to an extreme degree ; 53, an average 
case, was certainly better after removal of the right lobe, but sixteen years after 
the report was ‘ Distinctly better, no exophthalmos, some tachycardia, and 
palpitation. Neiwous symptoms much the same. Still odd mentally.’ 57, 
a severe case, died on the operating table. Altogether my series contains 11 
cases operated on — only 2 of them severe — and 4 died as a result of the 
operation,® one is perfectly well, the others are much better but not completely 

^ This is about the same proportion of deaths as given by Dr. Hector Mackenzie for the 
patients operated on at St. Thomas's Hospital, when he spoke during the debate on the surgical 
treatment of exophthalmic goitre held at the meeting of the British Medical Association, 
London, 1910. 
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cured. We saw that the total mortality of hospital cases not operated on might be 
put at 41 out of 161, and among 53 private cases 7 died, giving a total number 
of deaths of 48 out of the 314, or 1 in 4-5, so that the operation result of 4 deaths 
out of 11 cases gives a higher mortality, and it must be remembered that 48 deaths 
among those not operated upon include many (at least 18) who were so ill that 
no one would have dreamt of operating on them, and that the mortality of the 
cases operated on is a mortality as a result of the operation, death taking place 
at or very shortly after operation, so that as far as my series goes it appears to 
show that operation is undesirable, especially as the cure ascribed to it, when 
death did not occur, was usually not complete ; indeed one case was a few yeai-s 
after as bad as ever. But in the hand of surgeons doing many operations 
on the thyroid the mortality has gradually been brought down to 4 per cent. 
(Kocher, Mayo) and rather over 70 per cent, of the patients operated on are said 
to be cured, and Kocher states that the mortality among his more recent 
operations is even less. These however are the most encouraging results. 
Krecke recently collected 188 operation cases from 5 Clinics, and found the 
mortality to be 9 per cent. But to get the best results after operation those 
patients are selected who have not had the disease long, who have no lesions 
of other organs and have no mental symptoms. We have seen that if we 
exclude patients who are so ill that they die while in the hospital (and therefore 
are quite unsuitable for operation), and follow for some years the patients who 
are discharged from the hospital and those who are seen in private practice, the 
actual deaths among sufferers from exophthalmic goitre, ill enough to go into 
the hospital or seek a second opinion, are 15 as against 8 expected among healthy 
females, although these patients afflicted with exophthalmic goitre include severe 
and very severe cases, those with other diseases in addition, and those with 
mental symptoms. As on the other hand the cases selected for operation are 
chosen mostly from among the mild cases and a few die as an immediate result of 
the operation, it hardly seems likely that operations on the thyroid can diminish 
greatly the deaths that might, if the patients were not operated upon, be expected 
among such sufferers from exophthalmic goitre as are likely to be selected 
as suitable for having operations performed on their thyroid. It is, however, 
quite possible that operation may hasten the cure; if so, the justification 
for doing it will be greater among wage-earners than among others. It would 
be of great interest if a large seiies of cases that have been operated on could be 
traced for many years after the operation, so that we might learn more about 
the rapidity of the improvement, the duration of it, and the number of deaths 
as contrasted with those that might be expected among a similar number 
of healthy females. This is particulaily important, for if the thyroid which 
after operation consists of one lobe shrinks, it may be that this leads after years 
to a mild degree of symptoms due to insufficiency of thyroid secretion. At 
any rate the cases here tabulated show that many patients, even those severely 
ill, recover and remain well for years without any operation; and that those who 
decline operation can hardly be considered unreasonable, especially in this 
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country, where the mortality from such operations is higher than in some 
others. Further, we have to bear in mind that we may sometimes be in 
error in attributing benefit to an operation for exophthalmic goitre, for we 
shall see directly that some patients recover without any treatment and so 
some operated upon might have done weU even if no operation had been 
perfoi-med. 

A survey of the tables at the end of this paper shows that some patients 
get well even under most unfavourable circumstances. For example. Case 39, 
Table B, a poor woman, had the disease veiy severely, she could not rest, 
but she got quite well. 

After each of the following cases in Table A, the number of days’ stay in 
the hospital is placed : No. 4 (49), No. 9 (14), No. 15 (11), No. 18 (36), No. 19 (14), 
No. 26 (95), No. 27 (46), No. 30 (58), No. 34 (55), No. 35 (45), No. 49 (170), 
No. 51 (9). None of these patients improved dm-ing their stay in the hospital, 
often probably because of its shortness, but many stayed a long while without 
improvement; yet all of these patients ultimately got quite well or very 
nearl}’' AveU some time after they left the hospital and are now well, although 
the mode of life of hospital patients outside the hospital is the reverse of that 
which might be expected to aid cure. Thus No. 4 got well, married, had three 
children, became a widow, and is now, twenty years after her discharge, working 
hard. No. 15 married, had six children, and has had no treatment since she 
left the hospital. No. 18 has been in service five years without a single illness. 
Only two of these, Nos. 26 and 30, are classified as severe. From these cases we 
must conclude that some patients recover from exophthalmic goitre without any 
treatment. 

The treatments used have been so various, and it is so difficult to tell the 
duration of each, that it is impossible to draw any certain conclusions about 
any of them, but from my own experience of patients that I myself have seen, 
and reports of others that I have read, my strong impression is that the most 
important treatment is absolute rest in bed for weeks or months, with freedom 
from anxiety. Recently a woman came into the hospital suffering from exoph- 
thalmic goitre ; while in the hospital she had an attack of typhoid fever, her 
exophthalmic goitre continued to improve and she got quite well : most likely the 
rest compelled by the typhoid fever contributed to the cure of the exophthalmic 
goitre. Probably it is because private patients are better able to rest than 
hospital patients that the outlook for the latter is more serious than for the 
former. Next to rest comes food; no patients do well if they lose weight, and 
those who are already thin will not improve until by abundant food they gain 
weight. If they are very nervous, excitable, or sleepless, it is necessary that they 
should be quieted and given sleep ; for this bromides often suffice, but it may he 
necessary to use hyoscine. If the pulse is very rapid it is probably wise 
to give digitalis. I have often given Moebius’ seram; it appears sometimes 
to do good, but the cases vary so that it is difficult to adduce proof of this. The 
anaemia usually passes away as the patient improves. Many of the women 
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Tvho were cured bore children ; this does not do them any harm and they stand 
confinements well. Patients who are once cured do not often relapse, hence 
readmissions are few (7 per cent.). 

I do not claim that there is anything new in this paper, but I collected the 
cases because it is only byreviewing the course of a disease apart from operation 
that the desirability of operating can be decided. 
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TABLE A. 

Fifty-four Hospital Cases that can be traced. 

All or nearly all these rested during the greater part of their stay in the hospital. 

1. F; age 41. Hospital 14 days. Symptoms first noticed 8 years before. Average case : 

Considerable palpitation. Iiast heard of after 21 years. Eesult : Improved in 
hospital. Now writes to say she ‘ is much better ’. Has required no treatment since she 
left the hospital. Treatment : Guaiacum. Ref. no. 6. 

2. F ; age 28. Hospital 26 days. Symptoms first noticed 3 years before. Bad case : Much 

palpitation. P. 130. Very excitable. Had chorea. Bast heard of after 21 years. 
Result ; Slightly belter in hospital. Now seen at hospital where she came to report 
herself ‘ much better ’. Treatment ; Digitalis. Ref. no. 7. 

3. M ; age 24. Hospital 18 days. Symptoms first noticed 4 months before. Moderate 

case. Last heard of after 20 years. Result: Slight improvement during his short 
stay. Only information obtainable is that he died 1909. Treatment: Galvanism. 

Ref no. 12. 

4. F; age 20. Hospital 49 days. Symptoms first noticed 1 year before. Much thyroid 

enlargement. Exophthalmos and tachycardia. P. 140. Last heard of after 20 years. 
Result : No better for stay in hospital. Seen 1910, says she is quite well, has had no 
special treatment. Has married, has 3 children, now a widow. Works hard and has done 
so for 18 years. Treatment : Bromides and belladonna. Ref. no. 17. 

5. F ; age 21. Hospital 31 days. Symptoms first noticed 1 year before. Severe case in all 

respects. Result: Died of pneumonia soon after leaving the hospital. Treatment: 
Galvanism. _ Ref. no. 19. 

6. F ; age 30. Hospital 55 days. Symptoms first noticed 1 year before. Average case 

except that she was very excitable. Last heard of after 18 years. Result: Slight 
improvement on discharge. Rested 4 months and was then able to work as district 
nurse. Seen 1910. No palpitation nor enlarged thyroid. Has married. Had 4 children. 
Eyes still slightly prominent hut otherwise well, and has remained so since 6 months 
after leaving hospital. Treatment : Galvanism, belladonna, digitalis. Ref. no. 24. 

7. F ; age 24, Hospital 68 days. Symptoms first noticed 1 year before. Average case. 

Last heard of after 17 years. Result : Says she is better in some respects, worse in 
others. Treatment : Bromides and belladonna. Ref. no. 29. 

8. F ; age 27. Hospital 15 days. Symptoms first noticed 6 years before. Average case. 

Result : Died in 1904, cause unknown. Ref. no. 33. 

9. F. Hospital 14 days. Symptoms first noticed 7 years before. Average case. P. 136. 

Apical systolic murmur. Last heard of after 16J years. Result: Left the hospital 
in the same condition as on admission, but now writes : ‘ Peels quite well and has not had 
a doctor for 12 years.’ Treatment : Electrical, belladonna, bromides. Ref. no. 35. 

10. M ; age 29. Hospital 13 days. Symptoms first noticed 10 weeks before. Average case. 

P. 108. Complains of weakness ; systolic apical murmur. Result : Slight improvement 
on discharge. Died soon after leaving hospital, cause unknown. Treatment : Digitalis 
and belladonna. Ref. no. 42. 

11. F ; age 39. Hospital 63 days. Symptoms first noticed 9 months before. Average case. 

Systolic murmur audible at apex. Last heard of after 151 years. Result : Improved 
in hospital. Now writes : ‘ Goitre much smaller, eyes less prominent, has had several 
attacks of prolonged severe mental derangement, but is now considerably better.’ Is 
now in a situation. Treatment : Thyroid, belladonna, and digitalis. Ref. no. 44. 

12. F; age 25. Hospital 4 days. Symptoms first noticed 1 year before. Slight case. 

Result : Only information obtainable is she died in 1905, cause unknown. Ref. no. 63. 

13. F ; age 21. Hospital 33 days. Symptoms first noticed 1 year before. Mild case. 

Last heard of after 111 years. Result: Symptoms including tremors have dis- 
appeared. Not improved hy stay in hospital. Took a situation a year after leaving 
hospital, then married, 2 children. Health fairly good. Treatment: Belladonna, 
digitalis. _ Ref. no. 67. 

14. F ; age 26. Hosintal 9 days. Symptoms first noticed 1 year before. Average case. 

Last heard of after llj years. Result: Died after leaving hospital. Cause and date 
unknown. Ref. no. 69. 

15. F; age 23. Hospital 11 days. Symptoms first noticed 10 years before. Average case. 

P. 120. Tremors. Last heard of after 11 years. Result : No better on discharge from 
hospital but improved soon after. Is married. Has six children. Has required no treat- 
ment for 11 yeai-s. Treatment : Adrenalin, arsenic, digitalis. Ref. no. 76. 

10. ‘j'jr3.tg^,23^. Hospital 45 days. Symptoms first noticed 6 months before. Average case. 

Ldgs ^weight a striking feature. Last heard of after 91 years. Result : Was not so 
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well when she left hospital as when she came in. Is now much better. Treatment; 
Adrenalin, digitalis, bromide. Eef. no. 79. 

17. F; age 37. Hospital 97 days. Symptoms first noticed 1 year before. Severe case; 

P.150. Delirium and vomiting. Result : Died in 1901. Cause unknown. Treatment: 
Cold to neck, electricity, massage. Eef. no. 82. 

18. F ; age 19. Hospital 36 days. Symptoms first noticed IJ years before. Average case: 

Considerable anaemia. Last heard of after 8^ years. Result : Slight improvement on 
discharge. She is now quite well. Has been in service 5 years without a single day's 
illness. Treatment : Digitalis, belladonna. Eef. no. 85. 

19. F ; age 51. Hospital 14 days. Symptoms first noticed 6 years before. Average case : 

Very nervous, skin pigmented. Last heard of after 7^ years. Result : No improve- 
ment from stay in hospital, but is now very much better. Treatment: Thymus, bella- 
donna, digitalis. Eef. no. 87. 

20. F ; age 36. Hospital 45 days. Symptoms first noticed 6 weeks before. Average case : 

P.120. Tremors, apical systolic murmur. Last heard of after 8^ years. Result : Better 
on discharge. Says she is now quite well. Treatment : Belladonna, potassium iodide. 

Eef. no. 96. 

21. F; age 28. Hospital 130 days. Symptoms first noticed 6 years before. Severe case: 

Much palpitation ; wasting ; mania. Last heard of after 7 years. Result : Better on 
discharge. Is now much better. Treatment : Belladonna, bromides. Eef. no. 99. 

22. F ; age 39. Hospital 24 days. Symptoms first noticed 6 months before. Mild case. 

Last heard of after 7 years. Result : Better on discharge. Is now better. Treat- 
ment : Digitalis, opium. Eef. no. 100. 

23. F ; age 34. Hospital 50 days. Mild case but had glycosuria and polyuria. Last heard 

of after 7^ years. Result : No improvement on discharge. Now throat not swollen, 
better in some respects. Palpitation better. Suffers from nerves. Complains much of 
dryness of mouth. Treatment : Opium, belladonna. Eef. no. 101. 

24. F ; age 30. Hospital 5 days. Symptoms first noticed 8 yeai-s before. Mild ease. Last 

heard of after 6 years. Result ; Now writes : ‘ About the same.’ But is able to go to 
work. Eef. no. 104. 

25. M ; age 19. Hospital 3 days. Symptoms first noticed 6 months before. Average case. 

Last heard of after 5 J years. Result: Much better soon after leaving hospital, and 
has kept so. Has never had to give up work; is a cook. Treatment: Bromides, 
digitalis. Eef, no. 108, 

26. F ; age 34. Hospital 95 days. Symptoms first noticed 7 years before. Severe case : 

P. 140. Anaemia, wasting, pigmentation. Last heard of after 61 years. Result : No 
improvement in hospital. Now ‘ has a little breakdown occasionally, but is much better 
on the whole’. Treatment: Belladonna. Eef. no. 109. 

27. M ; age 42. Hospital 46 days. Symptoms first noticed 2 months before. Mild case : 

Complained of weakness. Last heard of after 51 years. Result : No improvement in 
hospital. Now seen at hospital, is much better, hardly any signs of the disease left. 
Treatment: Adrenalin, bromides. Hef. no. 112. 

28. F; age 21. Hospital 80 days. Symptoms first noticed 6 years before. Average case: 

Some diarrhoea and vomiting. Last heard of after 5^ years. Result : Slightly better 
on discharge. Now ‘ very much better Treatment : Adrenalin, digitalis, belladonna, 
opium. Eef. no. 113. 

29. F ; age 28. Hospital 18 days Symptoms first noticed 6 weeks before. Mild case. 

Last heard of after 5 years. Result: Better when discharged. Now ‘ does not know 
there is anything the matter’. Eef. no. 115. 

30. F ; age 20. Hospital 58 days. Symptoms first noticed 3 months before. Severe case : 

P, 140. Wasting, sweating. Last heard of after 5 years. Result :_ No improvement 
on discharge. Now ‘very much better’. In a situation as lady’s-maid. Treatment: 
Digitalis. Eef. no. 116. 

31. F; age 40. Hospital 18 days. Symptoms first noticed 6 weeks before. Severe case: 

Weakness, diarrhoea, systolic murmur, pigment. Last heard of after 3 years. Result : 
Improved in hospital. When last heard of in 1909 was ‘ alive and well’. Eef. no. 117. 

32. F ; age 22. Hospital 29 days. Symptoms first noticed 3 months before. Mild case. 

Last heard of after 4 years. Result : Improved when discharged. Now ‘ quite well ’, 
and has been so since discharged. Treatment : Bromides, digitalis, belladonna. 

Eef. no. 119. 

33. F ; age 25. Hospital 47 days. Symptoms first noticed 1 year before. Average case. 

Result : Improved in hospital. Died since. Cause and date unknown. Treatment : 
Aspirin. Eef. no. 120. 

34. F ; age 42. Hospital 55 days. Ssmptoms first noticed 3 years before. Average case. 

Last heard of after 41- years. Result: No improvement on discharge, but now 
‘ wonderfully better ’. Treatment : Potassium iodide. Eef. no. 121. 

35. F ; age 31. Hospital 45 days. Symptoms first noticed 5 weeks before. Sli ght case. 

Last heard of after 41 years. Result: No improvement on dischagjip ^tf 
‘perfectly well, never needs a doctor’. Treatment: Arsenic. -r 
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36. M ; age 18. Hospital 49 days. SymptomB first noticed 10 years before. Average case : 

Has had rheumatic fever and acute tonsilitis. Last heard of after 4 years. Result ; 
Slight improvexuent on discharge. Now ‘ much better ’. Treatment : Bromides, 
digitalis. Ref. no. 124. 

37. F ; age 33. Hospital 41 days. Symptoms first noticed 6 months before. Severe case : 

P. 120. Apical systolic murmur, insomnia. Last heard of after 2^ years. Result : 
Improved on discharge. Since leaving hospital has been in good health. No return of 
old complaint. Is married. Treatment : Belladonna, opium. Ref. no. 125. 

38. F ; age 13. Hospital 29 days. Symptoms first noticed 2 months before. Slight case, 

but had pneumonia and acute rheumatism. Admitted June 27, 1905 ; readmitted 
January 10, 1907, for palpitation. Other symptoms slight. Has bad acute rheumatism 
several times. Last heard of after 15 y'eai-s. Result : Is now attending out-patients. 
Her symptoms of exophthalmic goitre have improved. Treatment : Thymus tablets. 

Ref. no. 48. 

39. F ; age 19. Hospital 27 days. Average case. Last heard of after 8 years. Result : 

Better on discharge. Is now alive, but we cannot learn anything about state of health. 

Ref. no. 127. 

40. F; age 27. Hospital 32 days. Symptoms first noticed 2 years before. Mild case as 

regards cardinal symptoms but had much headache, vomiting, and giddiness. Last 
heard of after 8^ years. Result : Better on discharge. Now writes : ‘ Am quite well, and 
have been ever since I left Guy’s.’ Went to service 4 years, and then married, 4 children. 
A credit to Guy’s. Has never needed a doctor ‘ although she pays into a club ’. Treat- 
ment : Belladonna, digitalis. Ref. no. 132. 

41. F ; age 32. Hospital 16 days. Symptoms first noticed 6 years before. Very mild case 

in all respects. Last heard of after 7 J years. Result : Better on discharge from Guy’s. 
In 1905 went to King’s College Hosiiital; was operated on and says she has been better 
since. Treatment : Rest and subsequent operation. Ref. no. 136. 

42. F ; age 29. Hospital 30 days. Syinptome first noticed 2 years before. Severe case : 

P. 140. Palpitation, pigmented skin, vomiting, and diarrhoea. Last heard of after 
7 years. Result ; Better on discharge. After that improved slowly. Now appears quite 
well. Treatment : Belladonna. _ Ref. no. 187. 

43. F; age 39. Hospital 131 days. Symptoms fii-st noticed 2i years before. Severe case: 

P. 120. Wasting, pigmentation, vomiting, diarrhoea, sweating, systolic murmur. Last 
heard of after C| years. Result; Better on discharge. Is now better and stronger but 
has to be careful. Treatment : Belladonna, opium. Ref. no. 138. 

44. F ; age 53. Hospital 19 days. Symptoms first noticed 2 years before. Average' case, 

but some diarrhoea and vomiting. Last heard of after 6 years. Result : Better on 
discharge and has continued to improve. Is sure rest does good. Treatment : Bella- 
donna. Ref. no. 140. 

45. F; age 19. Hospital 16 days. Symptoms first noticed 4 years before. Average case. 

Last heard of after 6 years. Result: Writes to say health has been fairly good and 
has felt better since operation. Treatment : The right lobe of thyroid was removed. 

Ref. no. 141. 

46. F ; age 18. Hospital 61 days. Symptoms first noticed 6 months before. Mild case. 

Last heard of after 5i years. Result : Better on discharge. Now writes that she is 
much better as result of homoeopathic treatment. Treatment : Adrenalin, belladonna, 
digitalis. _ Ref. no. 142. 

47. F ; age 34. Hospital 73 days. Symptoms first noticed 1 year before. Severe case : 

Diarrhoea, vomiting. Last heard of after 5 years. Result: Better on discharge. 
Quite cured hy an American goitre cure. Treatment : Moebius' serum, belladonna. 

Ref. no. 143. 

48. F ; age 25. Hospital 43 days. Symptoms first noticed 3 years before. Severe case : 

Sweating, wasting. Last heard of after 4i years. Result : Better on discharge. Now 
all the symptoms have disappeared, except that there is alight enlargement of the 
thyroid. In 1906 married ; has one child born same year. Attributes much of her 
improvement to her pregnancy. Treatment; Jloebius’ serum. Ref. no. 146. 

49. F; age 34. Hospital 170 days. Symptoms first noticed li years before. "Wasting, 

otherwise mild case. Last heard of after 4 years. Result : Did not improve much in 
hospital but is now quite well, and began to improve when she began work four months 
after leaving hospital. Treatment : Moebius’ serum. Jief no. 149. 

50. F ; age 53. Hospital 21 days. Symptoms first noticed 10 years before. Average case : 

P. 138. Last heard of after 8 years. _ Result: Writes that she ‘received great benefit 
from the operation ’ but ‘ m3' health is very bad at times ’. Treatment : Operation — 
Isthmus and right lobe of th3'roid removed. Jief. no. 162. 

51. F. Hospital 9 days. Symptoms first noticed 21 3’ears before. Average case. Last 

heard of after years. Result : No improvement during 9 days’ rest in hospital. Is 
now quite recovered, goitre has gone. Is married.^ Jief. no. 165. 

52. F ; age 23. Hospital 47 days. Symptoms first noticed 3 months before. Average case, 

but had diarrhoea. Last heard of after 3 3'ears. Result; Better on discharge. Now 
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says ‘ perfeotU well since operation Treatment : Operation — Right lobe of thyroid 
removed. Eef. no. 168. 

53, F; age 23. Hospital 23 days. Symptoms first noticed 9 months before. Average 

case. Last heard of after 3 years. Itesult : Better on discharge. Now says still 
suffers from attacks of palpitation, but they are much less. Has greater self-control. 
Feels cold more than before operation. Since operation has been subject to attacks of 
dizziness and lassitude for the first twelve months almost dailj’', but they are getting less. 
Has been in doctor’s hands since leaving hospital for a slight attack of anaemia. 
Treatment : Operation — Left lobe of thyroid removed. Eef. no. 169. 

54. F; age 40. Hospital 44 daj's. Symptoms first noticed 11 years before. Mild case. 

Last heard of after 2J years. Admitted for hysterectomy. Now writes: ‘Much better.’ 
Treatment : No special treatment for exophthalmic goitre. Eef. no. 172. 


TABLE B. 

Fifty-seven Private Cases. 

The name in brackets is that of the doctor under whose care the patient was. 

1. F ; age 40. (Monier-Williains.) Average case : Slight thyroid enlargement and exoph- 

thalmos. Good weight. Much tachycardia, palpitation, and dyspnoea on exertion. 
Thick arteries, big heart, albumin and high tension (170^ Last heard of after 
5| months. Hesult ; Better. When in bed seems well. Eats, reads, and enjoys life. 
This is third long rest (many months) in bed. They did much good previously. Before 
first seemed to be dying. Treatment : Chiefly rest in bed. Eef. no. 23'144. 

2. F ; age 24. (H. A. Munro.) Bad case : Much thyroid, exophthalmos, tachycardia, and 

palpitation. Slight tremor. Very nervous and excited. Occasional albumin and oedema. 
Considerable Rigg’s Disease. Last heard of after 51 months. Itesult : A little better. 
But no inference should be drawn, for would not stay" in bed and took serum irregularly. 
Treatment: Moebius’ serum. Ref, no. 23>170, 

3. F; age 19. (E. L. Adeney.) Bad case: Comijlicated with severe phthisis. Last heard 

of after 3 months. Result : Died from phthisis 3 months after being seen. Eef. no. 23-210. 

4. P; age 35. (A. W. Soper.) Severe case: With all the chief symptoms. Very nervous 

and irritable. Last heard of after 7 months. Result: Exophthalmos and thyroid 
much better. Almost lost extreme nervousness and irritability. Normal in mental 
capacity. Heart sounds better. Tachycardia still present. Occasional dyspnoea, but still 
improving. Treatment : Bed 7 months, extra food, Moebius’ serum. Eef. no. 22-177. 

5. P; age 37. (C. C. Gibbes.) Moderate case : Slight thyroid, tachycardia. P.120. Pal- 

pitation, slight cardiac dilatation, tremor. Very nervous. Fingers go pale and cold. 
No exophthalmos. Last heard of after 12 months. Result : Rest did a ‘ lot of good ’. 
More peaceful and quiet. ‘ Now I get about more, but do not feel well yet.’ Gained weight. 
Treatment: Bed 6 weeks. Moebius’ serum did not appear to do good. Eef. no. 21.258. 

6. P ; age 30. (R. B. Duncan.) Very bad case : Big thyroid (neck round it 134 in.), tach 3 ’'- 

cardia. P. 140. Palpitation, much tremor, anaemia, and weakness. No improvement 
up to now on any treatment. No exophthalmos. Last heard of after 11 months. 
Result : Very much better able to attend to household and go out for short walks, but 
cannot hurry. P.80-90. Neckll|in. Treatment : Bed 6 months. Re/. Jio. 21-338. 

7. F; age 33. (A. E. Tonks.) Bad case: Huge thyroid, great exophthalmos, tachycardia, 

dilated heart, slight tremor. Last heard of alter 19 months. Result: - Much better. 
Expecting every daj" to go to bed to be confined. At end of 2 months P. 80 and exoph- 
thalmos less. Dr. Tonks thinks the rest, and not the serum, is responsible for improve- 
ment. Treatment : Bed many months, Moebius’ serum. Eef. no. 20-20. 

8. P ; age not stated. (A.W.Soper.) Mild case: Considerable thyroid, moderate exophthalmos, 

tachycardia, and tremor. Last heard of after 18 months. Result : At end of 2 months 
quite cured. Thyroid, pulse, eyes normal. Still well at end of 18 months. Treatment: 
Bed for 2 months. Eef. no. 20-331. 

9. P ; age 44. (E. F. Hardenberg.) Average case ; Thyroid normal, much exophthalmos 

and tachycardia. Weak tremor, dilated heart. Last hoard of after 18 months. 
Result : Much better. At end of G months after rest able to work as schoolmistress 
fairly well. Much stronger. P. normal. Exophthalmos remains and has developed 
diplopia. Treatment : Prolonged rest. Eef. no. 20-359. 

10. P ; 35. (H. A. Burrowes.) Moderate case : Much exophth-almos, thyroid normal, tremors, 

tachycardia (P. 105). Very nervous. Last heard of after 18 months. Result : Soon 
began to imxDrove. P. 80. Exoxjhthalmos hardly noticeable. Irritability gone. For 
some time has been able to lead a normal quiet life. No tremor. Treatment: Rest 
every day, Moebius’ serum. Eef. no. 20-362. 

11. F; age 21. (Doctor’s name missing.) Moderate case: Is slow!}' improving under rest. 

Has had .some symptoms of it for 6 years. Eef. no. 19-45. 
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12. P. (Doctor’s name missing.) Moderate case : Mother of No. 11 ; has got vrell -svith rest. 

Bef. no. 19-45. 

13. F ; age 49. (F. A. Brooks.) Moderate case : Tachycardia, slight thyroid, attacks of 

diarrhoea. Last heard of after 24 months. Kesult : No improvement, refuses rest and 
treatment. Bef. no. 19-124. 

14. F ; age 48. (F. Stephenson.) Moderate case : Much tachycardia (P. 120), thyroid, and 

tremors. Very nervous. Last heard of after 24 months. Eesult : Five months after 
much better. P. 90. Takes food well. Nervousness gone. Not being attended now, is 
well. Treatment ; Rest in bed. Bef. no. 19-262. 

15. F ; age 48. (F. Evered.) Mild case : All cardinal symptoms. Last heard of after 23 

months. Eesult: Excellent general health, takes average amount of exercise, not 
debarred from any social functions. Has gained weight. No symptoms of the disease 
except slight exophthalmos, which is lessening. Treatment : Rest in bed. This more 
efficacious than any other treatment. Bef. no. 19-357. 

16. M ; age not stated. (J. R. Watt.) Severe case : Tachycardia (P. 120), loss of weight, exoph- 

thalmos, tremor, no thyroid enlargement, diarrhoea. Last heard of after 23 months. 
Eesult : After 5 weeks’ rest in bed improved, exophthalmos less, P. fell to 96. Grave up 
rest, lost what he had gained, and is now as he was when first seen. Treatment: 
Rest in bed and Moebius’ serum. Bef. no. 19-376. 

17 F : age 40. (R. W. Rouw.) Very severe case : Extreme exophthalmos, tachycardia 

(P. 120), tremor, slight thyroid. Last heard of after 33 months. Eesult : Cured, 
except exophthalmos still evident, but much diminished. Can walk 3 miles a day. 
P. 80-90. Thyroid normal. Rest in bed many months. Moebius’ serum. No. 18-24. 

18. M ; age 24. (T. F. Woodroffe.) Severe case : Large thyroid, tachycardia (P. 140), cardiac 

dilatation, tremors. Last heard of after 32 months. Ees'^t : Completely cured. 
Treatment : Rest in bed and digitalis, hut no improvement. When rest continued and 
Moebius’ serum given ‘wonderful improvement, pulse falling at once ’. Bef. no. 18-146. 

19. M ; age 40. (G. F. Hugill.) Had exophthalmic goitre for years, and diabetes for last 

12 months. Eesult : In spite of his diabetes the exophthalmic goitre has been getting 
better, and now no signs of it, except eyes a little prominent. Died of diabetic coma a 
few days after I saw him. Bef. no. 18-413. 

20. F ; age 35. (G. Whiteley.) Moderate case : Marked exophthalmos and thyroid, tachy- 

cardia (P. 120), many miscarriages, dysmenorrhoea, wasted. Last heard of after 
31 years. Eesult : At end of 7 months had gained 28 lbs. P. 84 in morning. Much 
better. At end of 3 years said she was very much better. Treatment : Rest in bed 
9 months. Bef. no. 17-76. 

21. F ; age 35. (M. J. Bulger.) Very severe case : Seven years ago left lobe of thyroid removed 

for exophthalmic goitre. Says she was better for a time, but soon got bad again. Now 
marked exophthalmos, tachycardia (P.170). The remaining lobe has hypertrophied greatly. 
Too weak to stand ; very thin, impulse outside nipple. Last heard of after 3j years. 
Eesult : Slowly got better, and when heard of 3} years after was able to walk to business 
and do a hard day’s work. She has a sister (whom I saw) who had the disease at the 
same time as patient was operated upon. This sister slowly got well, and has remained 
so till now (1910). A brother also has the disease. Treatment : Best in bed 4 months 
after I saw her ; also took arsenic. Bef. no. 17-77- 

22. F ; age 26. (R. Tilbury.) Severe case : Marked exophthalmos, thyroid, and tachycardia. 

Last heard of after li years. Eesult : Very much better in all respects, and got well 
enough to go with her husband to South Africa. Treatment : Rest in bed 4 months. 

Bef. no. 17-389. 

23. F ; age 39. (J. P. Pendlebury). Average case : Much loss of weight and insomnia. 

Exophthalmos, thyroid, tachycardia moderate. Last heard of after 3f years. Eesult : 
Much better- Enjoys very fair health. Occasional palpitation, but only after over- 
exertion. Attends many social functions. Signs of exophthalmic goitre slight. Well 
nourished. Treatment : Best in bed for some weeks. Bef. no. 16-67. 

24. F ; age 15. (Stanley Smith.) Average case : Considerable exophthalmos, tachycardia, and 

thyroid ; very nervous and excitable. Some cardiac dilatation. Last heard of after 3^ 
years. Eesult : Very well, able to take her ordinary part in life. Going to be married. 
Pulse and thyroid normal. Eyes slight exophthalmos. Treatment : Rest in bed many 
months. Bef. no. 16-157. 

25. F ; age 34. (Fraser Nash.) Mild case : All the usual symptoms. P. 130. Last heard 

of after 31 years. Eesult : Improved in every way, but still feels nervous when out 
alone. After a few weeks’ rest improvement very evident. P. 96. Thyroid normal, 
slight exophthalmos. Treatment : Rest in bed a few weeks. Bef. no. 16-304. 

26. F ; age 30. (E. F. Heap.) Severe case : Extreme nen-ous symptoms, great tremor, much 

weeping, considerable thjvoid. P. 90. Last heard of alter 4J years. Eesult : Well, 
leading active life, but easily excited and then slight tremor visible. Gradually got 
quite well, and has been so for 2 years. Treatment : Rest in bed a few weeks, then 
very quiet life with much rest on the Riviera. Bef. no. 15-145. 

27. F ; age 63. (G. Levick.) Very severe case : Slight exophthalmos, some tremor, extreme 
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tachycardia (150-160), trace albumin, general oedema, wasting, fluid in pleura. Result : 
Died 14 days after I saw her, suddenly. The pleural effusion increased rapidly, but 
aspiration was not allowed. . j}ef. no. 15-279. 

28. F ; age 45. (R. Gr. Hicks.) Slight case in all respects. Result : Left England after 

rest, but Dr. H. has heard that she is highly nervous and easily excited, but otherwise 
well. Treatment: Rest. _ Re/. «o. 14428. 

29. F ; age 17. (R. Kirkland and F. Hinds.) A-verage case : Large thyroid, slight exophthal- 

mos, some tachycardia (P. 130), slight tremor. Last heard of after 5J years. Result : 
Vei-y good health, thyroid and eyes nomal, good weight, able to go to" dances. Treat- 
ment : Rest in bed some months, belladonna. Ref. no. 13432. 

30. F; age 22. (F. Hinds.) Average case: Large thyroid, no exophthalmos; tremor, 

anaemia, wasting, all present ; extreme tachycardia. Last heard of. after 5J- years. 
Result : Very good health, thyroid and eyes normal, good weight, busy from 7 a.m. to 
10 p.m. Treatment : Rest in bed some months. Ref. no. 13-260. 

31. F. (Doctor’s name missing.) Severe case : Large thyroid, slight exophthalmos and tremor, 

some tachycardia, some diarrhoea. Last heard of after 1 year-. Result : ‘ Did very 
well.’ Cannot be traced after 1 year. Treatment : Rest. Ref. no. 12-158. 

32. F ; age 33. (Newlyn Smith.) Average case : Slight thyroid and exoiJhthalmos, much 

tachycardia and tremor. Last heard of after 5f years. Result : Certainly improved 
upon rest, but there is every probability that this was not earned out for long. When 
last seen, 1907, she was much the same as in 1905. Now (1910) writes; ‘Getting on 
fairlj' well, leading quiet country life.’ Treatment; Rest for a time; also arsenic, 
bromide, and iron. Ref. no. 12-208. 

33. F; age 40. (C. J, Woollett.) Moderate case; Patient drinks. Last heard of after 

1 year. Result ; Died from alcoholism a year after I saw her. Ref. no. 11-101. 

34. F; age 29. (T. B. Scott.) Very severe case: Exophthalmic goitre for some time. 

Latterly thyroid and exophthalmos much less, but loud mitral murmur has appeared. 
She now has great oedema of feet, relieved by Southey’s tubes. Very nervous. Last 
heard of after 1 year. Result : Dr. Scott -wrote : ‘ She got practically well gradually, 
and is now at home in New Zealand.’ Treatment ; Best, digitalis. Ref. no. 11-200. 

35. F ; age 39. (J. F. Hossack.) Mild case in all respects. Result : Passed out of Dr. H.’s 

hands, but he sees her in the street, and she appears well. Treatment : No note. 

Ref no. 11-208. 

36. M ; age 46. (S. Wacher.) Average case : -Exophthalmos, tremor, tachycardia, slight wast- 

ing, diarrhoea. Last heard of after 6^ years. Result : Recovered to all intents and 
.pui-poseB. Can go for long walks. Reco’veiy gradual. Treatment : Rest, and then a sea 
trip. Ref. no. 11-349. 

37. F ; age 27. (H. F. Vincent and J. S. Richards.) • Mild case in all respects. Last heard 

of after 6^ years. Result ; Recovered completely from exophthalmic goitre. But has 
degenerated into complete invalid ; an introspective, selfish neurasthenic. Treatment : 
Occasional rest, but no treatment was continued for long. Ref. no. 11-366. 

38. F ; age 30. (R. Alexander.) Mild case of exophthalmic goitre in all respects. She did 

not come for this but for headaches. Last heard of after 74 years. Result : Exoph- 
thalmic goitre no more pronounced. Treatment: None special. Ref. no. 10-52. 

39. F; age 23. (A. Matcham.) Very severe case ; Lost 3st. last IS months. Much thyroid 

and exophthalmos and tachycardia (P. 130), T. 99-2°, tremor, frequent severe diarrhoea. 
Last heard of after 74 years. Result : Got quite well, put on flesh, and remains well to 
present time. Dr. M. attributes her recovery to the thyroid. Treatment : Poor woman, 
who could not rest. Thyroid gr. v 3 times a day for 3 months, then gr. x 3 times a day 
for a year. Went into country. Ref. no. 10-72. 

40. F; age 19. (E. R. Fothergill.) Mild case ; Enlarged thyroid, no exophthalmos, tremor, 

tachycardia. Last heard of after 7 years. Result : Got quite well as result of rest, and 
has remained well. Now (1910) looks quite well in all respects. Is mamed, and expect- 
ing her confinement. Treatment : Rest in bed 6 weeks. Ref. no. 10-235. 

41. M ; age 30. (P. J. Lush.) Very severe case : Acute exophthalmic goitre_ following 

influenza. Thyroid has enlarged much in 14 days. P. 100, impulse nipple line, T. 99°, 
slight exophthalmos, great tremor, exceedingly restless, so bad it was thought he would die. 
Last heard of after 6f years. Result : Got quite well. Within 12 months was riding 
across country, and has remained well ever since. Treatment : Restlessness controlled 
by hj'oscine and was kept in bed many months. Ref. no.^ 10-378. 

42. F; age 18. (S. C. Austin.) Moderate case: Tachycardia, tremor, enlarged th 3 'roid, very 

slight exophthalmos. Last heard of after 54 years. Result: Got quite well, and has 
remained well since. Is now man-ied. Treatm"ent : Poor girl ; could not rest. No special 
treatment. Ref. no. 10-393. 

43. F ; age 35. (H. M. Stewart and G. B. Batten.) Moderate case : Tachycardia (P. 150-160), 

tremor, moderate thyroid, slight exophthalmos. Last heard of after 8^ j-ears. Result : 
Much better than she was. Is able to do her work, but not well. Treatment: Could 
not rest. No special treatment, except that lately she has had 75 applications of X-rays 
over thyroid. This improved her. Ref. no. 9-32. 



106 


QUARTERLY JOURNAL OF MEDICINE 


44. F ; age 27. (R. H. W. Wilbe.) Severe case : Followed influenza, mucb wasting, tacby- 

cardia (P. 110), impulse outside nipple, large tbj'roid, moderate exophthalmos, insomnia. 
Last heard of after 3 years. Besult : Got quite well. Treatment : Rest in bed, feed- 
ing. Faradism to neck (this did no good). Later on massage. Bef. no. 9-155. 

45. F; age 31. (W.'W. "Wingate.) Severe case; Big thyroid, great tremor, tachycardia, some 

exophthalmos. Last heard of after 8 years. Result: For some months very quiet life. 
Greatly improved, ej’es and thyroid became almost normal. In 1908 was discovered to 
have diabetes, from which she died in 2 months. Treatment : Rest. Bef. no. 9-265. 

46. F; age 25. (W. A. BraRey.) Severe case: Much tremor, exophthalmos, thyroid, and 

tachycardia. Heart much dUated. Has had rheumatic fever. Sister of 4-57, who died. 
Residt : Improved very much, hut while the improvement was progressing I lost touch 
of the case. Treatment : Rest in bed. Cannot be traced for long. Bef. no. 9-293. 

47. F ; age 27. (E. L. Adene}^) Average case : Much tremor, some diarrhoea. Result : 

‘ Improved for a time with rest, and died subsequently from diarrhoea.’ OJreatment : 
Rest. Bef. no. 8-39. 

48. F ; age 57. (E. R. Carter.) Many yeai-s ago was under Sir S. Wilks for exophthalmic 

goitre. She also had a fibroid of uterus. The thyroid and fibroid shrank together. Now 
the only evidence of the disease is some but not much exophthalmos. She is thin and 
liable to diarrhoea. Result : I saw her for lobar pneumonia. Severe case. She com- 
pletely recovered, and the pneumonia did not lead to any return of the exophthalmic 
goitre. Bef. no. 8-167. 

49. F ; age 34. (F. H. Hollingshead.) Very severe case : Much thyroid and tachycardia, 

impulse nipple line, systolic murmur, slight exophthalmos, great tremor, very thin, much 
diarrhoea. Last heard of after 114 years. Result : Gained 13 lb. in 2 months, and in 
that time got much better. Seen July 16, 1899. Much better. Dr. H. writes March, 
1910 : ‘ Much better I believe, but I have not seen her for several j^ears.’ Treatment : 
Rest in bed 2 months. Bef. no. 6-190. 

50. F ; age 21. (C. A. Ensor.) Severe case : Exophthalmos, thyroid, tremor, tachycardia, all 

present. Diarrhoea, urticaria. Six months later glycosuria appeared. Initable- Last 
heard of after 14 years. Result : 6 months later better. Glycosuria persisted 2 years, 
but was not found after this time. By 1898 was ‘ practically well ’, could walk 8 miles. 
Slight tachycardia, thyroid, exophthalmos and irritability, but by 1899 normal in all 
these respects. 1910, normal in everj' way. P. 72. Thyroid normal, no tremor, no 
glycosuria. Eyes somewhat prominent. General health excellent. Treatment : Rest. 

Bef. no. 5-35. 

51. M ; age 32. (W. Howells.l_ Severe case : Much thyroid, exophthalmos, tachycardia, and 

tremor. Very nervous. Disease attributed to influenza. Much cardiac dilatation and wast- 
ing. Polyuria, no sugar or albumin. Last heard of after 5 years. Result : Got much 
oedema, because the cardiac symptoms became very severe, and it was thought he would 
die, hut by the end of three years was quite well and back at business. Treatment: 
Prolonged complete rest. Bef. no. 5-301. 

52. F ; age 15. (W. A. Brailey.) Severe case : Much thyroid, exophthalmos, tachycardia, 

and very nervous. Took food badly. In spite of all treatment the cardiac dRatation 
became extreme and the most troublesome feature. Last heard of after 64 years. 
Result : Died, October 23, 1900. The dilatation of the heart and the resulting symptoms 
were very severe, and probably the cause of death. Treatment : Prolonged rest, various 
drugs. Bef. no. 4-57. 

53. F ; age 32. (Kinsey-Taylor.) Average case : Very nervous. All usual symptoms present. 

Last heard of after 16 years. Result : Seen 6 months after operation. Feels better. 
Exophthalmos less, but tachycardia well marked. Cardiac dilatation unaltered, likewise 
nervousness. The left lobe of thj-roid has grown bigger since operation. Sixteen years 
after operation ‘ distinctly better. No exophthalmos. Some tachycardia and palpita- 
tion. Nervous symptoms much the same. Still odd mentally ’. Treatment : Eight 
lobe of thyroid removed. Bef. no. 4-97. 

54. F; age 20. (L. Roper.) Very severe case: Disease has lasted 5 years. Much exoph- 

thalmos, diarrhoea, tremor. Very large thyroid, neck 17 inches. Much cardiac 
dilatation. Gets syncopal attacks. The thyroid presses on trachea and renders breath- 
ing very difficult. Cannot lie down. The isthmus was merely a fibrous hand. Last heard 
of after 5 years. Result: Dyspnoea much relieved by operation. Gould lie down, 
heart less rapid. Saw her 18 months later and then, although still a severe case, she was 
undoubtedly better. Heard from Dr. A. Caddy (Calcutta) in 1899 that he had just seen 
her, who reported : ‘ Is in fairly good health, her symptoms have much lessened.’ Treat- 
ment: Isthmus divided. Local anaesthetic as general considered too dangerous. Rested 
as much as possible, but this was not as complete as could be wished. Bef. no. 4-185. 

55. F ; age 27. (W. Weaver.) Very severe case : Much exophthalmos, insertion of recti 

visible, large thyroid, much tremor, tachycardia (P. 150). Impulse outside nipple, loud 
systolic murmur. Much wasting. Result: ‘Did well.’ Treatment: Rest in bed, 
thyroid. Bef. no. 4-305. 

56. F ; age 29. (C. F. Routh.) Average case : Enlarged thyroid, moderate exophthalmos, 
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tachycardia (P. 130), cardiac dilatation, impulse outside nipple. JLast heard of after 
15 3 ^ears. Result: Got quite well. Is still well in 1910. Treatment: 3 months’ rest 
in bed, thj^mus. Ref. no. 4.355. 

57. A severe case : I was present at the operation of removing the right lobe of the thyroid. 
Just after this had been done, but before the wound was closed, the patient, while still 
under the anaesthetic, died. 


TABLE C. 

Twenty-one Cases that died in the Hospital. 

1. F; age31. _ Hospital 14 days. Symptoms, ordinary : Been ill 18 months. Exophthalmos, 

tachycardia, palpitation, thyroid, all considerable. Special : Much palpitation, diarrhoea, 
vomiting. Course : Palpitation, diarrhoea, and vomiting, all got worse. Terminal 
pyrexia and jaundice. P. M. appearances: Gastro-enteritis, broncho-pneumonia. 
Treatment : Rest in bed, bismuth, strophanthus. Ref. no. 1. 

2. F ; age 24. Hospital 60 days. Symptoms, ordinary : Been ill 15 months, ordinai'y 

symptoms average. Special : great weakness. Course : Diarrhoea and vomiting set in 
and progressed. Slight jaundice. P. M. appearances : Large thymus, gastro-enteritis. 
Treatment : Rest in bed, galvanism to neck, bromides, belladonna. Ref. no. 5. 

3. F ; age 23. Hospital 2 days. Symptoms, ordinary : 111 6 months, ordinary symptoms 

considerable. _ Special : Very rapid pulse, much weakness and vomiting. Course : 
Vomiting persisted. P. M. appearances : Large thymus. Ref. no. 9. 

4. F; age 54. Hospital 13 days. Ssrmptoms, ordinary : 111 6 months, ordinary symptoms 

average. Special ; Much palpitation, mitial regurgitation. Course : The cardiac 
trouble became worse and was the cause of death. P. M. appearances : Large left 
ventricle. Treatment : Rest in bed, digitalis. Ref. no. 10. 

5. F ; age 30. Hospital 9 days. Symptoms, ordinary : 111 12 months, ordinary symptoms 

considerable. Special : Patient anxious for operation because exophthalmos prevented 
her following her occupation as barmaid. Course ; A. C. E. given, right lobe removed. 
Next day extremely excitable. T. 103®. Death. P. M. appearances: Nothing to 
explain death. Treatment : Operation. Ref. no. 38. 

6. F ; age 22. Hospital 4 days. Symptoms, ordinary : Symptoms of exopththalmic goitre 

for 7 years._ Special : Came in for rheumatic fever. P. 150. Course : Got rapidlj’' 
worse and died apparently from severe rheumatic fever. P. M. appearances : Thymus 
j)ersistent, Peyer’s patches prominent. Treatment: For rheumatic fever. Ref. no. 52. 

7. F ; age '32. Hospital 59 days. Symptoms, ordinary : Average case. Special : Much 

headache. Course ; Headache became very severe, also much vomiting. P.M. appear- 
ances : Thrombosis right middle cerebral artery and consequent softening. Treatment : 
Rest in bed, belladonna, opium. Ref. no. 23 a. 

8. F ; age 36. Hospital 19 days. Symptoms, ordinary : Severe case. Special : Apical 

systolic murmur, diarrhoea. Course : Diarrhoea. Delirious for 14 days before death. 
P. M. appearances : No cause for death found. Treatment : Rest in bed, belladonna, 
digitalis. Ref. no. 53. 

9. F; age 37. Hospital 7 days. Symptoms, ordinary : Been ill 9 months. Pulse 130-150. 

Other ordinary symptoms average. Special ; Great weakness, apical systolic murmur. 
Attributes onset of exophthalmic goitre to an attack of rheumatic fever. Cormse : 
Became delirious and cyanotic. Died suddenly. P. M. appearances : Thymus large, 
no endocarditis. _ Treatment : Rest in bed. Letter’s coils, belladonna. Ref. no. 62. 

10. F ; age 26. Hospital 15 days. Symptoms, ordinary : 111 2 months. Average case. 

Special: Admitted for rheumatic fever and pericarditis. Course: Diarrhoea supervened. 
Became delirious. P. M. appearances : Endocarditis, jjericarditis, Ref.no.'il. 

11. F; age 24. Hospital 39 days. Symptoms, ordinary: 111 11 months. Average case. 

Special : Had pneumonia with delirium. Course : Vomiting and diarrhoea supervened. 
P. M. appearances : No post mortem. Ref. no. 80. 

12. F ; age 26. Hospital 27 days. Symptoms, ordinary : 111 20 months. Severe case. 

Special : Much dyspnoea, became melancholic. Course : Diarrhoea, delirium, and 
pyrexia supervened. P. M. appearances : Trachea compressed by thyroid. Treat- 
ment: Rest in bed, belladonna, digitalis, bromides. Ref. no. 81. 

13. F; age 41. Hospital 13 days. Symptoms, ordinary: 111 8 years, ordinaiy symptoms 

slight. Special : Diabetes discovered soon after onset of exophthalmic goitre. Course : 
Had had both diseases 8 years, died of coma. P. M. appearances : Old endocarditis. 

Ref. no. 83. 

14. F ; age 25. Hospital 24 days. Symptoms, ordinary; 111 18 months, ordinary sj'mptoms 

moderate. Special : Weakness, had mania and later pneumonia. Course : Died from 
pneumonia. P. M. appearances : Lobar pneumonia. Ref. no. 86. 
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15. F ; age 33. Hospital 83 days. Symptoms, ordina:^ : 111 2 years, ordinary symptoms 

average. Special: MucF wasting, delirium, vomiting, and diarrhoea. Course : Died 
from cardiac weakness. P. M. appearances : Broncho-pneumonia. Treatment : Best 
in bed, belladonna, digitalis. Bef. no. 103. 

16. F; age 22. Hospital 47 days. Symptoms, ordinary ; 111 9 months, ordinary symptoms 

moderate. Special : Melancholia, vomiting, and diarrhoea. Course : The vomiting 
and diarrhoea increased and delirium supervened. P. M. appearances: Thymus 
enlarged. Treatment : Rest in bed, belladonna, digitalis, opium. Bef. no. 110. 

17. F ; age 27. Hospital 18 days. Symptoms, ordinary : Average. Special : None. 

Course : Became comatose and died. P. M. appearances : Report missing. No. 111. 

18. F ; age 27. Hospital 5 days. Symptoms, ordinary : Very severe. Special: Vomiting, 

very severe tremor. P. 192. P. M. appearances : Nothing found to explain death. 

Bef. no. 118. 

19. F; age 21. Hospital 59 days. Symptoms, ordinary: Average, but much tremor. 

Special : Vomiting, jaundice. T. 102. P. M. appearances : Liver small, bUe stained, 
acute ascending nephritis due to Bacillus coli. Treatment : Belladonna, strophanthus. 

Bef. no. 150. 

20. F ; age 19. Hospital 9 days. Ssrmptoms, ordinary : Average. Special : Diarrhoea. 

Course : Cocaine used locally, chloroform given, right lobe and isthmus excised. Died 
day after operation. No post mortem. Treatment: Operation. Bef. no.lBG. 

21. F; age 29. Hospital 30 days. Symptoms, ordinary: Average. Special: Much sweat- 

ing, also diarrhoea. Course : Eucaine and adrenalin locally and chloroform, both 
superior thyroids tied. Later, under same anaesthetic, attempt to tie inferior thyroids. 
Patient died on the table. P. M. appearances : Enlarged thymus, fatty infiltration of 
heart. Treatment : Operation. Bef. no. 167. 
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MINUTES OF PEOGEEDINGS OF ANNUAL GENEEAL MEETING, 1910, 

HELD AT LIVEEPOOL. 

The Fohrth Annual General Meeting was held at Liverpool on Thursday and 
Friday, June 2 and 3, 1910, in the Medical Institution, At 10 a.m. the President, 
Professor Little, took the chair. The minutes of the last meeting were confirmed. 
The President and Officers of the Association were elected by ballot as follows : — 

President : Professor Glynn. 

Treasurer: Dr. Hale White. 

Secretary: Dr. Herringham. 

Members of the Committee : — 

For England : Dr. Judson Bury. 

Dr. William Collier. 

Dr. Garrod. 

Dr, Wardrop Griffith. 

Dr. Hutchison. 

For Scotland : Dr. Alexander Bruce. 

Professor Finlay. 

Dr. W. K. Hunter. 

For Ireland : Sir John Moore. 

Dr. William Calwell, 

Dr. J. F. O’Carroll. 

The President, Professor Glynn, then took the chair. 

The folloAving new members were elected by ballot : — Dr. A. W. Falconer, Dr. W. 
MacLennan, Dr. John Owen, Dr. Lloyd Eoberts, Dr. F. Meadows Turner. 

Dr. Eichard Caton was elected an honorary member. 

The Treasurer then presented his accounts, which were received and adopted. 

It was resolved — That a sum not exceeding £50 be allowed to the Editors of the 
Quarterly Journal of Medicine for the purpose of obtaining Eeviews of special 
subjects, to be published in the said Journal. 

That the next Annual General Meeting be held in London, 

It was announced by the President that a suggestion had been made for a joint 
meeting with the Association of American Physicians next year. It was resolved 
that this be referred to the Executive Committee with power to act. 

It was further resolved — That notice of any proposal to amend or alter the 
existing rules, or to pass new rules, must be sent to the Secretaiy not later than one 
month before the next ensuing General Meeting, and must appear on the agenda of 
the said meeting in the form of a motion. 
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That non-attendance at the present meeting, which, owing to the death of the 
late King, had been postponed from May 19 and 20, should not count as non-attend- 
ance under Eule 20, but that attendance at this meeting, or a notification of intention 
to be present at the original date, should count as an attendance. 

The scientific business then began, and the following communications were 
made : — 

Meiaholism during iJie use of Nntrieni and of simple Salme Eiiemata (Dr. Langdon 
Brown), showing that Metabolism, as measured by N output and the production of 
Diacetic acid, is not materially different under Nutrient and Saline Enemata respec- 
tively. This was discussed by Dr. Stacej^ "Wilson. 

Faihological variations of the Secretory Activity of the Stomach (Dr. Craven Moore 
and Dr. Kilroe). Professor Saundby spoke. 

Gasirosiaxis and Menstruation (Dr. Sutherland). The speaker suggested (1) that 
bleeding during Menstruation may cause one form of haematemesis ; (2) that this 
occurs apart from ulceration, and is due to vaso-motor disturbance ; (8) that the use of 
saline aperients before the menstrual period may serve as a preventive of such 
bleeding. The communication gave rise to a lively discussion in which the following 
took part : — Professor Saundby, Drs. Hertz, Cowan, Stacey Wilson, Craven Moore, 
Gullan, Hale White, and Byrom Bramwell. 

The Cardinal Factor in Infant Feeding (Dr. David Forsyth). The speaker laid 
stress upon the importance of the surface area in estimating the nutritive require- 
ments of infancy. Dr. Eobert Hutchison criticized some of the statements made. 
Dr. Stacey Wilson also spoke. 

The meeting then adjourned to the Lantern Eoom for the following com- 
munications : — 

Disorders of the Motor Functions of the Stomach (Dr. A. Hertz) from the i-esults of 
X-ray Examinations. 

A case of Chronic Interstitial Pneumonia (Dr. Arthur Hall and Professor Beattie). 

From 12.45 to 1.20 p.m. Demonstrations were given at the Eoyal Infirmary. 

1. X-rays — Mr. Thurston Holland. 

2. Parc Throat Cases — Dr. Middlemass Hunt. 

3. Ophthalmic Cases and Apparatus fortesting Colour Blindness — Dr.KarlGrossmann. 

4. Segregation of Urine — Mr. E. A. Bickersteth. 

The Afternoon Session was held at 3 p.m., when the follo'wing communications 
were made : — 

Acute Ascending Paralysis after Influenza (Dr. E. S. Eeynolds). A description 
of four cases with recovery. Dr. Farquhar Buzzard discussed the diagnosis. Drs. 
Donovan and Hawthorne and Professor Michell Clarke also spoke. 

Some Cases of Tuhercxdous Meningitis in Adults (Dr. Warrington). The peculiari- 
ties of Tuberculous Meningitis in adults were discussed by Drs. Lawson, Parkes Weber, 
Professor Saundby, Drs. Nathan Eaw, Purves Stewart, Sir Thomas Barlow, Frederick 
Taylor, Hale White, and Byrom Bramwell. 

Cerchro-spinal Meningitis treated with Meningococcic Vaccine (Dr. Bradshaw), record- 
ing a successful case. Drs. Warrington, Eamsbottom, Frederick Taylor, Professors 
George Murray and Saundby, and Dr. Claude Ker discussed the treatment. 

The effect of Mercurial Injections in the treatment of Locomotor Ataxia (Dr. Gordon 
Gullan), in which the method was recommended in early cases with illustrative 
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instances. Drs. Farquhar Buzzard and Warrington recommended the method, while 
Dr. Theodore Thompson reported negative results from its use. 

After an intei’val for tea the Meeting was resumed in the Lantern Room, when 
the following demonstrations W'ere given : — 

Tuberose Sclerosis (Dr. J. S. Fowler), a description of the pathological features 
of this rare disease. Sir Thomas Barlow spoke. 

Becuirent Motor Paralysis during attacJcs of Migraine (Professor Michell Clarke), ' 
describing a family in which several members in different generations were affected. 
Dr. Purves Stewart described similar cases in individuals. 

Haemorrhagic Encephalitis (Dr. Byroni Bramwell), a case with post-mortem examina- 
tion. Dr. Reynolds and Professor Little spoke. 

The Meeting then adjourned. 

The Annual Dinner was held at 7.15 p.m. in the Adelphi Hotel. The toast of 
The Association was proposed by Archdeacon Madden and responded to by Sir Thomas 
Barlow. The other toasts were The Guests, The President, and The Hon. Secretaries. 

The Meeting resumed on Friday at 10 a.m. Sir Samuel Wilks was elected an 
honorary member of the Association. 

The following communications wei’e made ; — 

Two cases of Glandular Enlargement of unusual type (Dr. W. K. Hunter), with 
sections of the glands. Dr. William Hunter spoke. 

Erythema and Lesions of Joints (Dr. Garrod), It was suggested that this combina- 
tion was toxic rather than infective. Drs. Campbell McClure, Symes, Leonard Guthrie, 
and Professor Stockman spoke. 

The Acidity of the Urine in Phthisis (Drs. Lawson and Lea). Professor Saundby, 
Drs. Stacey Wilson, Gossage, and Hale White spoke. 

The Ch-anular and the Sclerotic Kidney. Sir Clifford Allbutt gave a general exposi- 
tion of his views on the relationship of these forms of renal disease. Professor Lorrain 
Smith demonstrated macro- and microscopic preparations. A prolonged discussion 
' followed, in which the following took part: — Drs. Cowan, Theodore Thompson, 
Stacey Wilson, Professor Saundby, Drs. Hawthorne and Samuel West. 

The Meeting then adjourned to the Lantern Room for demonstrations : — 

Induced Cell Proliferation and its relation to Normal Healing and to Malignancy 
(Drs. Macalister and H. C. Ross). • 

A method of estimating Calcium in the Blood (Drs. Blair Bell and Pantland Hick). 

A Urine containing a hitherto undcscribed Protein (Dr. G, S. Middleton). 

The Meeting then adjourned, 

Friday afternoon was devoted to Diseases of the Heart, and the Meeting took 
place for the most part in the Lantern Room. The following communications were 
given : — 

The meaning, of the audible signs in Mitral Stenosis (Dr. Alexander Morison). 
Drs. Stacey Wilson, John Hay, and Bradshaw spoke. 

A case of Sarcoma of the Heart (Dr, Nathan Raw). Drs. Morrison and Travers 
Smith spoke. 

The Factors which determine the Size of the Heart (Professor Dreyer and Dr. W. Ray). 

The HypeHrophy of the Heart due to icorJc (Professor Dreyer and Dr. A. G. Gibson). 
Dr, Tyson spoke. 
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Two cases of Acute Endocarditis hi which the a~v hundlc was involved (Drs. Cowan, 
Teacher, and Kennedy). Professor Allbutt, Drs. Gossage, Hay, Coombs, and Professor 
Griffith spoke. 

Coupled Jthpthms (Drs. Cowan and W. T. Ritchie). Dr. Stacey Wilson spoke. 

Adams-Stohes Disease ; a short scries of cases (Dr. Hay). The cases were discussed 
by Drs. Gossage and Hay and the President. 

The production of complete Heart-hloch hy the administration of large doses of 
Strophanthus (Dr. Emanuel). Drs. Stacey Wilson and Hay spoke. 

Tlte Dulse immediately preceding the Epileptic Attach (Dr. A. G. Gibson). 

It being past six o’clock, the Association adjourned after a vote of thanks to the 
President and Secretaries. 



THE BACTEEIOLOGY OF HUMAN BILE WITH ESPECIAI7^ 
BEPERENOE TO THE TYPHOID CARRIER PROBLEM 

By J. F. WINDSOR 

(From the Pathological Laboi’atory, St. Thomas’s Hospital) 

Sitmmm'y of previoiis ^uorIc. 

It was formerly supposed that bile possessed a mild antiseptic action and 
that therefore bacteria would not thrive in it, and frequently it has been stated 
that the bile of man and of animals is noi’mally sterile ; in the case of animals 
experiments seem to bear out this statement, but there are obvious difficulties in 
the way of examining the bile of normal healthy persons during life, and therefoi'e 
it cannot with any certainty be claimed that the bile of man is sterile ; the 
study of bacteriology has, however, shown that bile possesses very little anti- 
septic property, and that for certain organisms, such as Bacillus typhosus 
and Bacillus coli, it forms a fairly suitable medium, though the rate of growth 
is not so rapid as in broth. The bile of patients suffering from inflamma- 
tion of the gall-bladder has often been examined during life, and almost always 
has been found to be infected ; Naunyn (16), Gilbert and Girode (9), and Martha 
(14) all found Bacillus coli. Terrier (19) found Bacillus coli and Strepto- 
coccus pyogenes, whilst Netter (14) found staphylococcus and streptococcus. 
Mieczkowski, quoted by Moynihan (15), examined the bile from 15 cases at the 
time of operation for diseases other than cholelithiasis and found it sterile in 
all, and of 23 cases opei'ated .on for cholelithiasis he found it infected in 
18. Examinations of bile removed from the gall-bladder after death have 
been attended with varying results : Naunyn (16) found it to be sterile in both 
his cases, and Gilbert and Girode (9) found it sterile in six cases out of eight, 
but Ehret and Stolz (7) obtained very different results, for, using large quantities 
of bile, they found it sterile in only about one-half their cases. Fraenkel and 
Krause are said by Herter (10) to have found it sterile in 105 cases of 125 
examined : of these 105 patients 36 were tuberculous and their bile was sterile 
when examined by the ordinary culture methods, but after injection into 
11 guinea-pigs tuberculous lesions developed in 5, from which it seems that 
organisms may be present though not revealed by the .ordinary culture methods. 

These results point to the conclusion that bile examined after death 
is infected more often than not, especially when there is disease. of the gall- 
bladder or its ducts, and it must he borne in mind that there is great difficulty 
in discovering certain organisms, such as the pneumococcus and Bacillus 

tQ. J. M., Jan.,igii.] I 
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tuberculosis, which makes it possible that the bile may appear to be sterile when 
in reality it is infected. Herter (10) says that bacteria are likely to be present 
in human bile even when there exist pathological conditions in parts remote 
from the gall-bladder, and that perhaps their presence may frequently be 
regarded as evidence of terminal infection rather than as the expression of 
an earlier invasion. Stagnation of bile increases the chance that bacteria will 
establish themselves in the vicinity of the gall-bladder, and this has been 
asserted to be one of the causes of the more common occurrence of gall-stones in 
women than in men, obstruction to the expulsion of bile being attributed to 
tight-lacing. Charcot and Gombault (2), Naunyn (16), and Shei'rington (18), 
experimenting on animals, showed that the bile remains sterile only so long 
as it flows unhindered through its ducts ; after ligature of the common duct the 
bile speedily becomes infected. 

According to Moynihan (15), it was Bernheim who flrst drew attention to 
the connexion between typhoid fever and biliary infection : clinical evidence 
shows that, after the fever has subsided, biliary colic is a not uncommon sequel, 
and a large number of patients sufiering from cholelithiasis give a history of 
typhoid fever. Cushing (3) reported that 30 per cent, of the patients operated 
on at the Johns Hopkins hospital for cholelithiasis had at some time passed 
through an attack of enteric fever, and 20 per cent, of Chaufiard’s cases gave 
the same history. Furthermore at autopsies cholecystitis has been found in 
subjects with a previous history of typhoid fever, and from the contents of the 
gall-bladders of some have been isolated typhoid bacilli, which may reasonably 
be assumed to be the direct descendants of the original infective agents ; Ehret 
and Stolz (7) collected thir-ty-two cases of typhordal cholecystitis which were 
treated by operation or recognized post-mortem, in twenty of which gall-stones 
were present. This frequent association of cholecystitis with previous typhoid 
fever has led during recent year's to a more regular and systematic bacterio- 
logical examination of the contents of the gall-bladder at tbe time of operation 
for cholelithiasis, with the result that Bacillus typhosus has frequently been 
found. Moynihan (15) operated on seven patients for gall-stones, all of whom 
gave a history of typhoid fever, and in the bile of two B. typhosus was found ; 
he also quotes the investigations of Hartmann, who examined the bile in 46 
cases and found it infected in 36, B. coli being present alone in 23 and 
associated with Staphylococcus pyogenes aureus in 2, whilst from the 
remainder were isolated either streptococcus or staphylococcus, B. typhosus not 
being once found. Petersen, quoted in the same paper, also failed to find 
B. typhosus, although the bile was infected in 44 cases out of 50, B. coli being 
present in all 44 — in 36 alone, and in the remaining 8 associated with strepto- 
coccus or staphylococcus. Cushing (3), on the other hand, reported 7 cases 
of cholelithiasis all with a history of typhoid fever, in 2 of which B. typhosus 
was isolated, B. coli being isolated from the other 5 ; and Dudgeon (6) examined 
tho bile from 20 cases operated on for cholelithiasis, finding B. typhosus once, 
B. paratyphosus B once, and in a third case a bacillus -u-hich was indistin- 
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guishable from B. typhosus culturally, hut which gave negative agglutination 
reactions. 

An important point is the very long period during which the organism 
of typhoid fever can apparently survive in the gall-hladder, for Hunner (12) 
isolated it in pure culture from a purulent collection in the gall-hladder of 
a patient eighteen years after an attack of typhoid, and Droha too is stated 
hy Moynihan (15) to have found it seventeen years after the illness. Additional 
interest attaches to this extraordinary power of endurance of Bacillus typhosus 
in the gall-hladder owing to the discovery during the last few years of 
‘ chronic typhoid carriers ’, to whom have heen traced many sporadic cases and 
outbreaks of enteric fever, the origin of which used to be so great a mystery : 
it is sufficient here to mention the work of A. and J. C. G. Ledingham (13), 
who traced 31 cases occurring during four years in an asylum to three inmates, 
of whom two had had typhoid fever, whilst Davies and Hall (4) traced two 
outbreaks occurring in two different institutions to a carrier, who had served 
in both places either as cook or dairymaid, and Dean (5) reported the case 
of a patient in whose faeces he found Bacillus typhosus twenty-nine years 
after an attack of the fever. The problem arises as to where and how the 
organism manages to exist in the bodies of such carriers during so many years ; 
it is not alwaj's to be found in the excreta, but only at intervals, and it is clear 
that there must be some central focus in which, once established, it can thrive 
and maintain an existence, and from which by some means it obtains passage 
into the intestinal tract. The evidence seems to point to the gall-bladder as the 
site of this central focus. 

It is a well-loiown fact that Bacillus typhosus can frequently be 
recovered from the gall-bladder of patients who have died during the acute 
stages of typhoid fevei’ : Cushing found it in 50 per cent, of his cases, Chiari 
in 19 out of 22, according to Moynihan, and Forster and Kayser, quoted by 
Kutchser (8), in 7 out of 8 cases. Moreover, post-mortem research has 
shown that, when death has occurred during an advanced stage of convalescence, 
the same organism has been recovered from the gall-bladder though no longer 
demonstrable in the spleen, and as shown by Hunner’s case it has been isolated 
from the contents of the gall-bladder so long as eighteen j’^ears after recovery 
from the fever ; also post-mortem it has been found in subjects many years 
after an attack of enteric fever. This predilection of Bacillus typhosus for the 
gall-bladder is supported by experiments performed on animals by Blachstein 
and Welch (1), who made intravenous injections of the organism into rabbits, 
and found it alive in the gall-bladder 128 daj’^s later, although it had completely 
disappeared from all other organs. There seems, therefore, no doubt that the 
bacillus is able to survive for a longer time in the gall-bladder than in any other 
part of the body, for nowhere else has it been, found more than a few weeks after 
the fever has subsided; from the gall-bladder it can easily pass through the 
bile-duct into the small intestine, and so be thrown out in the faeces. It has 
been stated that normal bile is not a suitable medium for Bacillus typhosus, 

I 2 
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but, as I have already said, it will grow in bile to a certain extent : now ox bile- 
with the addition of a small percentage (3 per cent.) of peptone forms a very 
suitable and commonlj’’ used medium for the artificial growth of this organism. 
The probability is that during the first fourteen days of the fever the bacillus 
passes into the gall-bladder from the intestine, not directly but by way of the 
blood, for experiments on animals have shown that when a culture of the 
organism is injected into rabbits subcutaneously, intraperitoneaUy, or by 
the stomach, the bile always remains sterile, but when injected intravenously 
and after ligature of the common duct, the organisms can be found in large- 
numbers in the gall-bladder. Having obtained an entry, the bacillus sets up 
an acute inflammation of the mucous membrane lining the gaU-bladder and its- 
ducts, with desquamation of the epithelium and exudation of albuminous material 
into the bile, thus rendering it a very favourable site for its growth and 
multiplication : in the majority of cases the inflammation subsides with the 
fever, but in a small percentage it subsists as a chronic cholecystitis, and these- 
are the cases which become chronic typhoid carriers. 


The bacteriological examination of bile in one hundred and three cases. 

I have examined the contents of the gall-bladder in 103 cases — in 89 when- 
removed from the body after death, and in the remaining 14 at the time of 
operation for cholelithiasis. In less than one-fourth of these cases was the 
bile sterile, and in both sets Bacillus coli was the organism most frequently 
found, sometimes associated with other organisms, but more often alone : other- 
organisms occurring were Bacillus proteus. Staphylococcus pyogenes aureus- 
and albus. Streptococcus pyogenes, and occasionally bacteria having no relation 
to the typhoid-coli group. On four occasions only were members of the- 
typhoid-paratyphoid gi'oup isolated. I propose to deal first in detail with 
the 89 cases in which the bile was examined after death : these cases were 
all hospital patients, and the bile was examined irrespective of the cause- 
of death, and it is noticeable that this appeared to have little or no connexion^ 
with the nature of the organisms present. The technique adopted was in all 
cases the same; the wall of the gall-bladder was sterilized over an area about- 
two inches square by repeated applications of a red-hot flat-iron, and was then 
incised with sterile scissors, the bile and any gall-stones present being collected 
in a sterile test-tube, the mouth of which was immediately closed : at the same 
time a small quantity of blood was taken from the heart, from which the serum- 
was afterwards obtained for agglutination reactions. The bile was then inoculated 
in fairly large quantities into broth, ox bile, or malachite green media, and on 
plates composed of MacConkey’s or Conradi-Drigalski’s medium, and incubated at 
37° C., and if in twenty-four or forty-eight hours there was a growth of organisms 
likely to be of the typhoid-coli group, these were subcultured into the sugar 
media. .Gall-stones were examined in the same way, the exterior being .first- 
sterilized and then the whole stone crushed and inoculated into the media. 
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Of the 89 cases examined in this waj, in 20 the contents of ' the gall- 
hiadder were sterile ; in 47 Bacillus eoli was isolated in pure culture ; in 4 
Bacillus coli was found associated with other organisms — twice with Staphylo- 
coccus pyogenes aureus, once with Bacillus pyocyaneus, and once with a 
Riplococcus ; in 6 cases Bacillus proteus alone was found ; in 1 Staphylococcus 
pyogenes aureus, in 1 Staphylococcus pyogenes albus, in 1 a diplococcus, and 
in 7 bacilli having no relation to the typhoid-coli group. Gall-stones wei'e 
present in only 5 of the above cases, and in 3 Bacillus coli was found, the 
■other 2 being sterile. From the remaining 2 cases, details of which are given 
below, were isolated respectively Bacillus pai'atyphosus A and an organism 
which I was unable to classify. 

The fii’st of these was a boy aged 9 years, with a three weeks’ history of 
headache and drowsiness ; there was no family history of tuberculosis, and 
he was said never to have had typhoid fever. Examination of the cerebro- 
spinal fluid showed the presence of small lymphocytes, and on the symptoms 
and signs a diagnosis of tuberculous meningitis was made, and was fully 
confirmed at the autopsy. The liver and gall-bladder were normal, the bUe 
black and viscid, and no organisms were seen in the freshly-stained specimen; 
it was inoculated into ox bile, and twenty-four hours later there was a growth 
of actively motile Gram-negative baeiUi, which formed yellow colonies on 
MacConkey plates ; these colonies wei’e subcultured into the sugar media with 
the following results : — in dextrose, maltose, mannite, and dulcite there was 
formation of acid and gas ; litmus milk was permanently acidified, but not 
coagulated ; lactose, cane-sugar, I'afiinose, salicin, and inulin were unaltered ; 
gelatin was not liquefied ; there was no fluorescence in neutral red broth and 
no indol production. The bacillus was agglutinated by the patient’s own 
serum at a dilution of 1 in 100 in 30 minutes; a laboratory culture of 
Bacillus paratyphosus A was also agglutinated by the patient’s serum at the 
same dilution in 30 minutes, but with a culture of Bacillus paratyphosus B 
there was no reaction. This case is of intei’est as the patient was only 9 years 
of age, there was no history of typhoid fever, and the only illness he had ever 
had was said to be measles, nor, so far as could be ascertained, had he recently 
been in the neighbourhood of persons suffering from typhoid fever, and yet 
Bacillus paratyphosus A was recovered in pure culture from the bile. 

The second case was that of a man aged 49 with a two yeai-s’ history of 
epigastric pain and vomiting, on whom the operation of gastro-enterostomy had 
been performed ; there was no history of typhoid fever. The stomach was largely 
dilated and at the pyloric end was an old ulcer, and in both lungs there was 
extensive tuberculous disease with cavity formation ; the liver and gall-bladder 
were normal and fi’ee from disease, there were no gaU-stones present, but the 
bile contained a large number of motile Gram-negative bacilli, which formed 
yellow colonies on MacConke3'’s medium. These colonies were subcultured into 
the sugar’ media, rvith the result that dextrose and maltose were fermented with 
formation of acid and gas, in lactose there was acid formed but no gas, and 
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but, as I have already said, it -svill gi-o-n- in bile to a certain extent : no-vr ox bile- 
uritb the addition of a small percentage (2 per cent.) of peptone forms a very 
suitable and commonly used medium for tbe artificial growth of this organism. 
The probability is that during the first fom-teen days of the fever the bacillus 
passes into the gaR-bladder from the intestine, not directly but by way of the 
blood, for experiments on animals have shown that when a culture of the 
organism is injected into rabbits subcutaneously, intraperitoneally, or by 
the stomach, the bile alwaj's remains sterile, but when injected intravenously 
and after ligature of the common duct, the organisms can be found in large 
numbers in the gall-bladder. Having obtained an entry, the bacillus sets up 
an acute inflammation of the mucous membrane lining the gall-bladder and its- 
ducts, with desquamation of the epithelium and exudation of albuminous material 
into the bile, thus rendering it a very favourable site for its growth and 
multiplication : in the majority of eases the inflammation subsides with the- 
fever, but in a small percentage it subsists as a chi'onic cholecystitis, and these- 
are the cases which become chronic typhoid carriers. 


The hactenological examination ofhile in one Jinndred and three cases. 

I have examined the contents of the gall-bladder in 103 cases — ^in 89 when 
removed from the body after death, and in the remaining 14 at the time of’ 
operation for cholelithiasis. In less than one-fourth of these cases was the 
bile sterile, and in both sets Bacillus coli was the organism most frequently 
found, sometimes associated with other organisms, but more often alone : other- 
organisms occurring were Bacillus proteus, Staphylococcus pyogenes aureus- 
and albus. Streptococcus pyogenes, and occasionally bacteiua having no relation 
to the typhoid-coli group. On four occasions only were membeis of the- 
typhoid-paratyphoid gi'oup isolated. I propose to deal first in detail with 
the 89 cases in which the bile was examined after death : these cases were 
all hospital patients, and the bile was examined ix-respective of the cause- 
of death, and it is noticeable that this appeared to have little or no connexion- 
with the nature of the organisms present. The technique adopted was in all 
cases the same ; the wall of the gall-bladder was sterilized over an area about 
two inches square by repeated applications of a red-hot flat-iron, and was then 
incised with sterile scissors, the bile and any gall-stones present being collected 
in a steidle test-tube, the mouth of which was immediately closed : at the same 
time a small quantity of blood was taken from the heart, from which the serum 
was afterwards obtained for agglutination reactions. The bile was then inoculated 
in fairly large quantities inte broth, ox bile, or malachite green media, and on 
plates composed of MacConkey’s or Conradi-Drigalski’s medium, and incubated at 
o“° C., and if in twenty-four or forty-eight hours there was a growth of organisms 
likely to be of the typhoid-coli group, these were subcultured into the sugar 
media. .Gall-stones were examined in the same way, the exterior being first- 
sterilized and then the whole stone crushed and inoculated into the media. 
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stone was removed, the interior of which proved to be sterile ; from the bile, 
however, was isolated in pure culture a motile. Gram-negative bacillus having 
the cultural characters of B. typhosus. The patient’s serum also gave a good 
agglutination reaction witb a laboratory culture of Bacillus typhosus at a 
dilution of 1 in 100 : three weeks later Bacillus typhosus was again found in 
the bile, but at subsequent examinations only Bacillus coli. 

The second case was a man aged 54, who for many years had been subject 
to attacks of biliary colic, but gave no history of typhoid fever. At the operation 
the gall-bladder was found to be chronically inflamed, thickened, and adherent, 
and contained a large quantity of pus but no gall-stones ; from the pus was 
isolated an organism possessing the following characters : — it was rod-shaped and 
motile, but did not stain by Gram’s method, and formed yellow colonies on 
MacConkey’s medium, and in dextrose, maltose, mannite, and dulcite it produced 
acid and gas ; litmus milk was permanently acidifled but not coagulated, and 
a green fluorescence was produced in neutral red broth ; lactose, rafRnose, 
and inulin were unchanged, and indol was not formed. The bacillus was 
agglutinated in 30 minutes at a dilution of 1 in 100 by the serum of a rabbit, 
which had previously given a positive' reaction with B. typhosus at a dilution of 
1 in 5,000, but unfortunately the other agglutination reactions were not per- 
formed. This organism, however, possessed the typical cultural reactions of 
Bacillus paratyphosus A. 

Thirdly, a woman aged 29, who gave no history of tj'phoid fever, but had 
been subject to ‘bad colds’; for nearly three years she had suffered from 
acute attacks of biliary colic. At the operation the liver and gall-bladder were 
both found to be enlarged, and the latter adherent and containing some small 
calculi and a quantity of dark-coloured pus, from which Bacillus typhosus Avas 
isolated in pure culture. The agglutination reactions in this case are of especial 
interest; the organism isolated wms agglutinated at a dilution of 1 in 50 and 
partially at 1 in 100 b}’’ the patient’s own serum, and at still higher dilutions 
by a stock laboratory typhoid serum, but a laboratory culture of Bacillus 
typhosus gave only a slight reaction with the patient’s serum, there being no 
agglutination at dilutions greater than 1 in 20. 

In 11 cases gall-stones were present, from 4 of which Bacillus coli "was 
isolated in pure culture, the bile being sterile: of these 4 patients 3 were 
females and none of them were known to have had typhoid fever, but one, 
a woman aged 46, had nursed enteric patients in South Africa : at the operation 
the gall-bladder was found to be small and empty and only one gall-stone 
was present, lying in the common duct. The second patient, a woman aged 39, 
was the mother of five children and had suftered from bilious attacks as a child, 
but had never had any other illness ; B. coli was again isolated, and was 
agglutinated by her serum at a dilution of 1 in 20, but at higher dilutions only 
partial clumps were formed at the end of an hour. Of the two other cases, one 
was a wmman aged 52 and one a man aged 53, and both had for years been 
subject to attacks of biliary colic, and in both Bacillus coli was found. 
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Briefly summarized the contents of the gall-bladder were examined in 
103 cases, with the following results : — 

In 23 cases the contents were sterile. 

In 51, one-half, Bacillus coli was isolated in pure culture. 

In 4 Bacillus coli was found associated with other organisms, Staphylo- 
coccus pyogenes aureus twice, B. pyocyaneus once, and a diplococcus once. 

In 6 cases Bacillus proteus was found, in 8 cases bacilli having no relation 
to the typhoid-coli group, and in 3 cases Staphylococcus pyogenes aureus : the 
following organisms were each isolated once ; — Staphylococcus pyogenes albus. 
Streptococcus pyogenes, a diplococcus, and an unclassified bacillus. In 4 cases 
only were members of the t 3 'phoid-paratyphoid group found, these being B. 
typhosus twice and B. paratyphosus A twice. 

Gall-stones were present in 16 cases, from which was grown in 7 cases 
Bacillus coli, in 1 Staphylococcus pyogenes aureus, and in 1 a bacillus not 
belonging to the typhoid-coli group : in the remaining 7 no organisms were 
found. 

These results show that in a large proportion of cases organisms are 
present in the contents of the gall-bladder, whether examined during life or after 
death, even when the gaU-bladder shows no evidence of disease, and in only 
about 22 or 23 per cent, is the bile sterile ; on the other hand, the existence of 
pathological lesions in the bile passages does not of necessity mean infection of 
the bile, for out of 16 cases in which lesions were present it was sterile in 3, 
in one of which gall-stones were present. Bacillus coli is the organism most 
commonly found and was present in exactlj’’ one-half the cases examined ; 
this result is in accordance with the findings of other investigators, the majority 
of whom have discovered B. coli in bile moi’e often than any other organism ; 
though generally alone, it may be associated with other bacteria, such as 
Bacillus pyoc^mneus or the pyogenic cocci, and occasionally it presents very 
atypical features . in its mode of growth. Pyogenic cocci were isolated both 
from bile and gall-stones in about 6 per cent, of the cases, and not infrequently 
bacilli having no relation to the typhoid-coli gi’oup, and these are not easy to 
identify, owing to the fact that certain organisms, such as the pneumococcus and 
Bacillus tuberculosis, can only be grown under special conditions and not on 
the ordinary nutrient media. Bacillus proteus, a putrefactive organism, which 
has been known to cause acute infection of the urinary tract, was isolated 
from about 6 per cent. The immediate cause of death appears to have little 
influence in determining the nature of the organism present in the gall-bladder, 
but, as would be expected, Bacillus coli is more frequently found when death 
is due to intra-abdominal disease than Avhen it is due to affection of other parts. 
For instance, it was isolated in every case, except one, in which death was 
attributed to appendicitis or peritonitis, but was not once found when death was 
due to cardiac disease. 

The causation of gall-stones is still a subject of discussion, and it is main- 
tained by many that they are microbic in origin ; but my results do not support 
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this opinion, for of 16 cases, in which gall-stones were present, they proved 
,to be sterile in 8, Bacillus coli being isolated from 7, and Staphylococcus 
pyogenes aureus from 1. Naunyn too, amongst others, failed to find bacteria 
in newly-formed gall-stones. It cannot be disputed that certain organisms ai’e 
able to exist for many years in the interior of gall-stones, but since these are so 
often sterile it must be doubted whether their formation can be directly 
attributed to the mechanical presence of bacteria ; rather it would seem to be 
a secondary result of disease of the mucous membrane of the gall-bladder, set up 
by the invasion of such organisms. 

In only 4 cases were bacilli of the typhoid-paratyphoid group isolated, and 
not one of the four was definitely known to have had enteric fever; it is, 
however, diflicult to eliminate the possibility as the clinical symptoms vary 
so widely, and the explanation would appear to be that such patients have had 
at some time an attack of typhoid fever, but in a form so mild or so atypical that 
it escaped detection. However this may be, the fact clearly shows that persons, 
who have never been suspected of having had typhoid, are yet capable of 
harbouring in the bile-passages the specific organism of that complaint or 
one capable of producing symptoms very closely resembling it, and it is obvious 
that, once such an organism has established itself in this site, it can easily 
pass into the small intestine and be excreted in the faeces, whence infection 
of a new host may ensue ; in other words, there are at large in the community 
individuals, never supposed to have had typhoid fever, who, unknown to 
themselves or any one else, are in reality chronic typhoid earners. Semple 
and Greig (17) have shown, too, that persons in the immediate vicinity of 
typhoid patients are capable of acting in the same way, for after prolonged 
examination they isolated Bacillus typhosus from the faeces of 2 out of 4 enteric 
fever orderlies, none of whom had actually had enteric fever. It has been 
estimated that 3 to 4 per cent, of recovered typhoid patients become chronic 
cai-riers, and when we think of the large numbers who have recovered from this 
illness, and remember that there are in addition many others, in whom it has 
not been recognized or has pmsuecl an abnormal course, we are able to realize to 
some extent the immensity of the problem which has to be faced in the 
endeavour to prevent the spread of typhoid fevei’, 

I am greatly indebted to Dr. L. S. Dudgeon for much kind advice and 
valuable assistance in carrying out these investigations. 
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ON CAECINOMA OEIGINATING IN THE SUPEAEENAL 
MEDULLA IN CHILDEENi 

Bt R. S. FREW 

With Plates 19-21 

R. Hutchison, in 1907, was the fii'st to draw attention to a ‘ definite 
“clinical syndrome” occasionally met with in children, consisting of cases 
of sarcoma of one or other suprarenal with metastases in the bones of the skull 
He brought forward ten cases in all, seven of which were published for the first 
time. He gave an excellent clinical picture of the disease, and one to which 
I have little to add, but in regard to the nature of the growth and mode of 
spread his observations were not so conclusive. He pointed out that whilst 
in the records they were usually described as small round-celled sarcomata, 
many of them may really have been ‘ malignant hypernephromata which are 
more of the carciaomatous nature. He also di’ew attention to the fact that 
the metastases occurred mainly, and sometimes exclusively, in the bones, but 
thought there was no explanation to account for this. This paper was followed, 
in 1908, by one by Tileston and Wolbach, who published four new cases, one of 
which had come under their own observation, in addition to nine of those ah-eady 
recorded by Hutchison. They paid considerable attention to the pathological 
aspect of the disease, and regarded the growth as ‘ a small round-celled sai’coma 
belonging to the type in which these cells are supported by reticulum They 
summarized their observations as follows : — ‘ The striking pathological feature 
is the finding of large identical tumours in the abdomen, involving only the 
adrenal, and in the cranium, involving only adjacent soft tissue and lymph 
glands. In spite of the frequent finding of tumour cells in the blood-vessels and 
lymphatics, metastases were found only in the bone-marrow, and the lymph 
nodes of the neck.' Rolleston, speaking of this disease, di’aws attention to the 
secondary metastases in bones as being comparable to the well-recognized 
association of carcinoma of the thyroid and skeletal metastases. In the latter 
class of case, however, von Recklinghausen maintains that the metastases occur 
through the blood-stream. 

My own observations have convinced me that this disease gives rise to two 

’ Part of a Thesis presented for the degree of M.D. in the University of Edinburgh, and 
published by permission of the Senatus. 
iq.J.M., Jan., igii.] 
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entirely different ‘ clinical syndi'omes and equally different pathological features 
according to which suprarenal has been the site of the primary growth. 
I propose, therefore, to discuss them separately, and as the symptoms and 
physical signs ai-e- best viewed in the light of the pathological changes, I shall 
discuss these fiint. 

A. ItVhen the Primary Growth is in the Left Suprarenal Medvlloj. ■ 

I have made the autopsy on three eases of this class, and the appearances 
observed have been practically identical. The primary growth varied in size, 
the lai'gest being as big as a cricket-baU, the smallest about the size of a walnut. 
It was round, had a mottled appearance, the groundwork being of an ivory 
colour, but numerous haemori-hages had occun-ed into it. Its consistency was 
film and elastic for the most part, but where large haemorrhages had taken 
place it had a cystic feeling. It lay behind the peritoneum, in the usual position 
of the suprarenal, the left kidney being displaced downwards. In all my cases, 
and this has been noticed frequently in the other cases, a portion of the 
suprarenal cortex was seen closely appRed to the tumom*, usually lying at 
its upper and posterior pai’t. 

Deposits in glands. A mass of enlaiged discrete glands was situated 
around the aoi-ta at this level, the lumbar set, and this usually extended 
across the middle line. Several chains of enlai’ged glands ran from this: — 
(a) one downwards foRowing the aorta to its bifurcation, and here dividing into 
two chains, which proceeded along the common iliac vessels, and further sub- 
dividing, passed along the internal and external iliacs on the two sides. These 
glands, and this is true of all the chains, were larger the nearer they were 
to the lumbar set, and gradually diminished in size as they became more distal 
In none of my cases were the glands in the groin, or any beyond that, affected. 
(h) The mesenteric glands were much enlarged, the largest being near the 
attached border of the mesentery, (c) The gland at the hilum of the liver was 
involved in two of the cases, and in one of these a few deposits were found 
in the portal spaces, (d) A large chain passed upwards along the vertebral 
bodies behind the diaphragm, and through the posterior mediastinum. This lay 
in the position of the thoracic duct, and ended in a knot of glands behind the 
inner articulation of the left clavicle, (e) The anterior deep cervical set, on 
the two sides, was enlarged, that on the left side being largest in Cases 1 and 3, 
and that on the right side in Case 3. These passed upwards, along the carotid 
sheaths, and could be traced passing through the base of the skull, along with 
the internal carotid artery, whilst in one case a small gland was found in the 
wall of the cavernous sinus. (/) The glands running forwards in the intercostal 
spaces were involved ; "in Cases 2 and 3 all these glands on both sides of the 
chest were ''.ffected. 

Dcposi \ in bones. The deposits here are found in the medulla of the bones, 

‘ the bone-n/aiTOw in childi-en being always red marrow, and being closely allied 
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histologically and functionally to lymphadenoid tissue ’ (Hektoen). The hones 
involved in my cases were the cranial bones, the superior and inferior maxiUae, 
the ribs and sternum, and in one case the iliac bones. The deposits hei-e cause 
■rounded subperiosteal swellings, both on the outer and inner tables of the skuU, 
and in the case of the sphenoid there is a bulging forwards into the orbital 
cavity, thus causing the exophthalmos. On the inner aspect these protrusions 
push the dura mater in front of them, depressing the brain, and in one case 
causing thrombosis of a superficial cerebral vein. A point of great importance 
is that the cranial tumours and exophthalmos occur first on that side of the head 
:on which the cervical glands are largest, and in the case of left suprarenal 
growths this is usually on the left side. 

As regards the ribs, the swellings that occur take place on the inner aspect 
only, and are covered by periosteum. They are soft and resilient, and the 
effect produced is as if the bones were ‘upholstered’. On section the outer 
compact layer appeared to be of the usual thickness, but the inner layer had 
been destroyed, its place being occupied by a soft, plum-coloured mass of new 
growth. In Cases 2 and 3 all the ribs were so affected, and all the intercostal 
glands on both sides were enlarged. In Case 1 onlj’" the sixth and seventh ribs 
on the right side and the seventh on the left side were ‘upholstered’, and 
the glands running along those spaces, and those glands only were enlarged. 
The sternum showed similar growth on its inner surface, usually most marked 
about the manubrium. In Case 1 the iliac bones were involved, the deposit 
being on the inner surface under the periosteum. No other secondary deposit, 
either in glands, bones, or other structures, could be found, after careful examina- 
tion, in my cases. 

In addition to these three, I have collected nineteen cases of this class, eight 
of them being taken from the records of the Hospital for Sick Childi’en, Great 
Ormond Street, and eleven from the literature. Of these all with the exception of 
four cases (Cases 19, 20, 21, and 22) showed deposits in the cranial bones. In 
Case 19 there was a secondary growth in the third cervical vertebra only, whilst 
Cases 20, 21, and 22 showed no bone deposits at all, but in each instance there 
were deposits in the liver. It is interesting to note that those four comprise the 
youngest children in the whole series, death having occurred at the age of 
a few weeks, and it will be observed that the lymphatics involved are those 
nearest to the primary growth. The remaining fifteen cases are, almost without 
exception, very similar to those I have described. In all, the cranial bones were 
involved, the growths here being apparently similar in appearance and position 
to those found in my cases. In nine of the cases deposits in the ribs were 
found. Deposits in the liver were noted in four cases. As regards the glands 
affected, the description published was often of the briefest ; still many indicate 
a condition similar to that observed in my cases, notably Cases 4, 15, and 17. 
Secondary deposits were found in a few. new sites — in Case 8 the right 
ovary contained a . deposit, whilst in Case 18 nodules are described as being 
present in the left arm and right leg, and a larger nodule in the right thigh, all 
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of -whicli may have been glandular. In Case 16 the pericardium, left pleura, 
and lung were involved by direct extension. ,, 

Clinical features. Little can be added to Hutchison’s picture of this 
disease, but I should like to draw attention to one or two of the early physical 
signs which were well shown in a case that was under observation practically 
from the beginning of tbe illness, and which have been recorded in a sufficient 
number of the other cases to warrant some importance being attached to them. 
This can best be iUustrated, I think, by a brief reference to the case. 

The child, a female, aged years, was brought with a complaint of pain in 
the left knee of two months’ duration. She was a pale, well-nourished child, her 
temperature was 100-6°, there was some pain apparently on moving the left 
knee, the only other sign present being a loud apical systolic murmur. Dr. Gar- 
rod, under whose care the child was, and to whom I am indebted for permission 
to publish it, regarded the case as one of acute rheumatism. There was no 
improvement, however, under the usual treatment, and shortly after admission 
the glands at the angles of the jaw were noticed to be enlarged, those on the left 
side being the larger. Two weeks later a haemorrhage occuri’ed into the left 
upper eyelid, and this Avas followed, on the next day, by one into the right 
eyelid. Dr. Gan-od at once suggested what in the end proved to be the true 
nature of the disease, and from this time onwai-ds an abdominal tumour was 
carefully sought for. Within a week there was definite optic neuritis in the left 
eye, the right being similarly aflfected later. One month after admission there 
was distinct proptosis, more marked on the left side, and a few days later 
a tumour was palpated in the left lumbar region, which gradually increased 
in size. About a week after this, the first cranial swelling was noticed, occurring 
at the left external orbital process, to be followed by many others. 'The cornea 
of the right eye ulcerated and sloughed, the child became blind, drowsy, and 
during the last few days was completely unconscious. 

When one attempts to analyse the other cases, one finds that the clinical 
features have been stated so shortly in many of them, as to afford little in- 
formation on these points, but in the eleven cases from the hospital records 
I have looked up these signs and symptoms: (a) Pain in the limbs was 
complained of in six cases, and of the remainder two were under two years of 
age. In four of the cases the pain was in the left lower limb, in one in both 
lower extremities, and in one in the right leg, and in this case a secondary 
deposit was present in the right tibia apparently, though it was not examined at 
the autopsy. I draw attention to this sign, because when the primary growth 
Avas in the right suprarenal, in no single instance was pain in the lower limbs 
complained of. I am therefore inclined to think it is caused by pressure of the 
enlarged glands on the lumbar plexus of nerves. (6) A systolic murmur on 
auscultation of the heart was noted in six of the eleven cases. This proportion 
is so much greater than when the primary groAvth is on the other side, that 
I think some importance must be attached to it. In no case Avas the heart 
enlarged, and the post-mortem examination showed the heart to be normal. It 
may perhaps be due to some compression of the great vessels by the enlarged 
glands in the posterior mediastinum, (c) Exophthalmos was present in fourteen 
of the tAventy-tAA'o cases, and in eleven of those it occurred first on the left side. 
In one of the remaining three cases (Case 1) the glands on the left side of the 
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neck were much the larger on admission, and having been diagnosed as tuber- 
culous, were removed. One week later proptosis appeared on the right side, to 
be followed in a few days by protrusion of the left eyeball. The importance of 
this sign becomes evident when we find that in the cases in which the primary 
growth was in the right supi’arenal, in every instance the exophthalmos occurred 
first on the right side, (d) The blood was examined in eleven cases and showed 
a marked secondary anaemia, as observed by Hutchison, (e) Optic neuritis 
appears to have been a fairly constant sign. (/) The blood-pressure was taken 
in two of my cases and was normal, in one case being equivalent to 80 mm. of 
mercury, in the other to 78. (g) The temperature showed occasional slight rises, 

but as a rule was normal. In none of these cases was pigmentation noticed, nor 
was there any evidence of premature sexual development, such as Guthrie and 
Emery and Bulloch and Sequeira have described in cases of carcinoma of the 
suprarenal cortex. 

B. When the FHmary Ch'ovjth is in the Right Bv/prarenal Medulla, 

The path of dissemination in this class is in the gi-eater part of its course 
quite difierent from that found in the other class. But if the spread is by the 
lymphatic system, as I believe it is, and if the lymphatics from the right supra- 
renal join the right renal lymphatics, and communicate with the lumbar set of 
glands, as occurs in the case of the left suprarenal, then we should expect the 
appearances to be similar in the two classes of cases — but they are not ! How 
then is this to be accounted for ? The explanation, I think, lies in the fact that 
whereas the lymphatics from the left suprarenal run to the lumbar glands, those 
from the right suprarenal are tributaries of the right lymphatic trunk. In favour 
of this view are the observations made in cases where the disease starts in the 
right suprarenal ; and in addition there is a considerable amount of anatomical 
evidence to support it. It will be remembered that the hilum of the suprarenal 
differs in position on the two sides, for whereas on the left side the vein passes 
out at the lower end of the inner border to join the left renal vein, and the 
lymphatics accompany it, on the right side the vein passes out at the upper end 
of the internal border and runs to join the inferior vena cava. Moreover, this 
portion of the right suprarenal is uncovered by peritoneum and is closely applied 
to the ‘ bare area ’ of the right lobe of the liver, and it is just this portion of the 
liver which is generally stated to be drained by the tributaries of the right 
lymphatic trunk. 

I have collected twenty-nine cases in which the primary growth has been 
apparently in the right suprarenal medulla, thirteen of them being taken from 
the hospital records : and on two of these I performed the autopsy. The 
primary growth in this class, whilst very similar in most respects to that found 
on the left side, is usually much larger, and more frequently remains localized to 
the abdomen, this occurring in twelve cases. Further, the primary growth tends 
to involve the kidnej^s b}’ direct extension into their pelves, stretching out the 
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kidney suLstance over it, but being easily separated as a rule. In eleven cases 
this extension had taken place into the right kidney, in two into the left kidney, 
and in one into both. 

Deposits in glands, {a) On the upper surface of the liver, small flattened- 
out chains may be seen running in under the peritoneal coat, the largest glands 
being those nearest to the bare area. (6) On the upper surface of the right side 
of the diaphi-agm, a chain is seen under the pleura, and this runs inwards to the 
anterior part of the pericardium, where it passes upwards in the anterior media- 
stinum to terminate in a knot of glands behind the inner end of the right clavicle. 

(c) The glands at the root of both lungs are involved, and also those passing into 
both lungs. The above were all well shown in my case (Case 29). In six of 
the cases I have collected the spread had gone still further, the anterior deep 
cervical glands being affected, especially those on the right side, and in every 
instance proptosis had first appeared on the right side. 

Other deposits. I have ali’eady mentioned the deposits on the surface of the 
liver, which are different to those noticed in Class A, the deposits there being in 
the portal spaces. The deposits in the lungs were obviously lymphatic, being 
found either immediately under the pleura, or else alongside a bronchus. It is 
worthy of note that both lungs as a rule were affected. Similar deposits have 
been recorded in the cases I have collected. In twenty of the twenty-nine cases 
deposits in the liver were found. The lungs showed metastases in nine out of 
sixteen cases in which deposits above the diaphragm had occurred. Special 
interest attaches to these deposits, as when the primary gi’owth was in the 
left suprarenal the lungs were never involved. In the six cases in which extension 
to the cranium had occurred the appearances were similar to those found in 
the majority of the cases in Class A. In only one case were the ribs affected, 
and the growth here is described as being at the costo-chondral junction — thus 
differing from the position of the groyrths in the ribs in Class A. 

Clinical feaUires. These are not so distinctive as those recorded in Class A. 
(«) Pain was complained of in thirteen of the cases, and it was referred to the 
abdomen in every case, and never to the limbs. {&) The primary gi’owth is 
easily palpable in these cases owing to its large size, though in the eai’ly stages 
the liver may be tilted forward, thus rendering the palpation difficult, (c) The 
examination of the blood gave again evidence of marked secondary anaemia. 

(d) The blood pressure was taken in Case 29, and was equivalent to 98 mm. 
of mercury, (e) Exophthalmos, when it did occur, was always on the right side 
first. (/) The mass of glands behind the inner end of the right clavicle is 
usually easily palpable. 

The clinical features and the patholog cal findings in the two classes thus 
present a very different picture, and these differences, which are so constant, 
would be impossible to explain, I think, on the assumption of a blood spread. 
But ii", as it appears to me, the secondary deposits are but extensions of the 
primary growths along the lymphatic channels, it would at one and the same 
time explain the constancy of the metastases in certain groups in each class, 
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and also the diflerence between those groups in the two classes. The dissemina- 
tion is not always in the direction of the lymph stream, but backward transport 
along the lymphatic channels takes place almost as readily in such cases, 
as shown by Handley and others. 

l^aiure of the growths. I have examined sections from seven cases (Cases 
1, 2, 3, 4, 23, 29, and 30) and the appearances in all are very similar. The 
cells are round or oval in shape, about 6 in diameter, and appear to be made up 
chiefly of nucleus. The protoplasm is granular. There is a delicate supporting 
framework of long narrow cells with spindle-shaped nuclei, the round cells 
being aiTanged in clumps in the spaces. The growth is surrounded by a thick 
fibrous capsule, from which coai’se trabeculae pass inwards, the finer fibres 
arising from these. Extravasation of red blood corpuscles into many of the 
spaces is seen. Some formed blood-vessels are present in the different sections. 
In Case 4 a portion of unaffected cortex was present in the same section as the 
new growth. The secondary deposits show the same characters. The appear- 
ance is thus quite different from that described by Bulloch and Sequeira in their 
case of carcinoma of the suprarenal cortex, in which the tumour had almost 
exactly reproduced the zona fascicularis of the cortex. As a rule the growths of 
the medulla have been described as a small roun^-celled sarcoma, but many 
authorities have stated at the same time that they do not consider the classification 
entirely satisfactory. 

RoUeston, speaking in this connexion, says, ‘ The primary malignant growths 
of the medulla are histologically more allied to gliosarcoma than to carcinoma. 
It is obvious that these tumours form a special group, and it is probably most 
convenient to describe them simply as malignant hypernephroma.’ Again, 
Hutchison says of one of his cases : ‘ There was certainly some doubt whether 
the tumour should be classed as a sarcoma or as a papiUoma.’ Aisenstein 
classifies his as an endothelioma belonging- to the hypernephroma group, ^Yhilst 
Professor Welch, who examined the tumour in Case 48, says, ‘ Not certainly 
sarcoma,’ but he is inclined to regard it as such. The suprarenal medulla we 
know is neuro-ectodermal in origin, and therefore malignant growths arising 
here are more likely to be carcinomatous ; moreover, its mode of spread being 
by the lymphatic system, I regard the growth as being more closely allied to 
a carcinoma, than to a sarcoma. 


Etiology. 

The youngest case I have been able to find was two weeks of age, the oldest 
ten years. The age incidence (based on the age at which death occurred) shows 
that the largest number of cases occurred between the ages of two and three 
years. By far the greatest number of cases occurred before the ago of six. In 
this series of cases there were twenty-seven males to nineteen females. (In five 
cases the sex was not stated.) Heredity seems to play no part. In not a single 
case was there evidence of anything similar having occurred in the family. 

[Q. J. M., Jan., ign.] K 
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Trauma has been supposed to be tbe cause in several of tbe cases, but it is 
of sucb frequent occurrence in children that I think no importance can be 
attached to it. The hospital records comprise about 7,000 autopsies on children 
under twelve years of age, and of these twenty-five were cases of this disease. 


CHART SHOWING AGE INCIDENCE 



It has been pointed out already, how the left-sided cases may in the early 
statues simulate rheumatism, but the further development of the disease soon 
clears up the diagnosis. Hutchison has drawn attention to the ecchymoses 
into the eyelids seen in chloroma and in infantile scurvy being confused 
with this disease, and also how they may be difierentiated. Case 1 in my 
series was thought to be a case of cavernous sinus thrombosis secondary to 
operation on glands in the neck, and in young infants, where the whole duration 
of the disease is so short, the diseases may appear very similar— the palpation 
of the abdominal tumour, however, would distinguish them. As regards the 
cases occurring on the right side, when they come under obseiwation early 
the abdominal tumour may be impossible to diagnose from a renal sarcoma, tbe 
more so as the kidney may be involved in the growth. 
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Prognosis. 

This disease invariably proves fatal. As a rule, the younger the patient 
the shorter its duration. The tables show cases lasting from twelve days to 
eighteen months. Operation seems to offer little hope of success, for the diagnosis 
is not usually made until secondary growths have occurred. 

In conclusion I desire to express my thanks to Drs. Garrod, Voelckei-, and 
Colman for permission to make use of cases under their care. 


Conclusions. 

1. That carcinoma of the suprarenal medulla spreads by the lymphatic 
system, and gives rise to different appearances, according as the left or right 
suprarenal is pi-imarily affected. 

2. That on the left side, secondary deposits occur in the liver, in the ribs 
and cranial bones, and in the thoracic duct and certain of its tributaries. 

3. That on the right side, secondary deposits are found on the upper surface 
of the liver, in both lungs, and, in a few cases, in the cranial bones, and also 
in the right lymphatic trunk and certain of its tributaries. 

4. That all the structures above mentioned are affected through their 
lymphatic vessels, and that all the cases described can be classified under these 
two gi-oups. 


CLASS A. CASES IN WHICH THE PRIMARY GROWTH WAS IN THE 
LEFT SUPRARENAL MEDULLA. 

Case 1 (P. M. Records, vol. xxiii, no. 131 ^). M. 1^. Duration ; About 6 weeks. Clinical 
course : Two weeks before admission glands noticed enlarged on L. side of neck. On 
admission — large mass of glands at lower part of L. side of neck. These were removed 
nine days later. Four days afterwards proptosis of R. eye developed, and a week after this 
exophthalmos of L. eye. Death occurred three weeks after operation. Primary growth: 
Large plum-coloured growth involving L. suprarenal medulla, a portion of the cortex being 
spread over it like a hood. ‘Cells with large round nuclei and small amount of protoplasm.' 
Bones : Small nodule over R. external orbital process. Whole of inner surface of calvarium 
covered with small nodules of new growth lying under dura. Growths in sphenoid, projecting 
from lesser wings into orbits. Growths at both angles of lower jaw. The ribs involved were 
R. 6th and 7th and the L. 7th. Inner surface of both iliac bones also showed subperiosteal 
growths. Glands : Lumbar glands greatly enlarged : from this a chain ran do^vnwardB and 
along both common iliacs and both external and internal iliacs, gradually becoming smaller 
as they descended. Another chain passed upwards through posterior mediastinum, ending in 
a large mass behind inner end of L. clavicle, from which two chains ran upwards along carotid 
sheaths and could be traced entering skull with internal carotid aiieries. Mesenteric glands 
involved, also gland at hilum of liver. 

* Hospital for Sick Children, Great Ormond Street. 

K 2 
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Case 2 (P, M. Records, vol. xxii, no. 224). F. 2 years. Duration : About 6 weeks. Clinical 
course : Pale and irritable for one montR before admission. Eccbymoses into lids of both 
eyes, R.- first, then swellings on R. temple, and proptosis of R. eyeball. On admission — small 
Jumps also found' above L. ear. Large tumour in L. lumbar region. Had pain in L. ankle. 
Loud systolic, murmur at apex. Double optic neuritis. Urine normal. R. cornea ulcerated 
towards end. Marked exophthalmos on both sides. Primary growth : Large tumour of L. 
suprarenal, soft, reddish brown in colour. ‘Cells with large round nuclei and small amount 
of protoplasm.’ Bones: Several rounded nodules on calvarium, chiefly on R. side, some 
causing bulging of dura mater, and one over R. frontal lobe had perforated it and depressed 
brain substance. Growths also in R. lesser wing and body of sphenoid. Growths in both 
orbits — ^R. more marked. Deposits in superior and inferior maxillae. All ribs showed growths 
along inner aspect under periosteum. Glands : One chain of large glands ran upwards through 
posterior mediastinum to behind the inner end of L. clavicle and dividing into two sets passed 
upwards to the carotid foramina — more marked on R. side. Another set passed along with 
portal vessels to the liver hilum. Still another went along iliac vessels, and continued along 
external iliac on L., internal iliac on R. side. Lastly a set along anterior edge of diaphragm 
— more marked on L. side. Mesenteric glands slightly enlarged. Other deposits : The liver 
had a mottled red and brown surface. Blood examination : Red cells 2,040,000. Hb. 40 %. 
"White cells 6,500. Polymorphs 38 %. Lymphocytes 56 %. 

Case 3 (P. M. Records, vol. xxii, no. 66). P. 3J^ years. Duration : 6 months. Clinical 
course : Complained of pain in back and L. leg. On admission — apical systolic murmur. 
Later— glands at angles of jaw enlarged, especially on L. side. Then ecchymosis into L. upper 
eyelid and proptosis of L. eyeball. Double optic neuritis. One month later tumour felt in 
L. lumbar region. Swellings on cranium appeared, first on L. side,, then all over. Exoph- 
thalmos of both eyes. R. cornea ulcerated. Primary growth : Large firm elastic growth in 
L. suprarenal. ‘ Cells with large rounded nuclei and small amount of protoplasm.’ Bones : 
About twenty distinct tumours on outer aspect of calvarium, largest over L. parietal bone, and 
this one caused some bulging of inner table, and underlying superficial cerebral veins were 
thrombosed. Growths from sphenoid projecting into orbits. All the ribs, and lower part of 
manubrium stemi, showed growths on inner surface under periosteum. Glands : Continuous 
chain of glands from pelvis to carotid foramina, single in thorax (posterior mediastinal), double 
in abdomen and neck. Smaller chain running from L. suprarenal growth joined the main 
chain at the lumbar glands. Blood examination; Red cells 2,480,000. Hb. 47 %. White 
cells 10,250. Polymorphs 36 %. Lymphocytes 59 %. 

Case 4 (P. M. Records, vol. xx, no. 55). (Cited by Hutchison.) F. 4 years. Duration : 
9 months. Clinical course : Brought up with pains in arms, legs, and head. On admission — 
tumour felt in L. lumbar region. Glands in neck enlarged, especially on R. side, also in both 
groins. Optic neuritis. Later, lumps appeared on head, first over R. temple. Proptosis of 
both eyes — L. first. Gland and swellings increased in size. Systolic murmur at apex. 
Primary growth: L. adrenal occupied by large, hard, white growth, with an unaffected 
portion still adherent to it. * Small round and oval-celled sarcoma.' Bones : About twelve 
growths over cranium. These growths were also seen on inner surface, bulging dura, but not 
invading it. All ribs, except first pair, showed subperiosteal growths along inner surface. 
Glands : Glands under angles of jaw infiltrated, also posterior cervical glands, and a chain 
through thorax to abdomen. Glands also involved in both groins and both axillae. Blood 
examination : Red cells 3,942,000. Hb. 70 %. 'White cells 10,500. Polymorphs 51 %. 
Lymphocytes 44 %. 

Case 5 (P. M. Records, vol. xvi, no. 204). (Cited by Hutchison.) M. 10 months. Duration : 
3 weeks. Clinical course : Swelling first appeared on L. side of head, followed by two others 
on top of head. On admission — a large tense elastic swelling, size of half an orange, in L. 
temporal fossa. Later, L. eye became proptosed, and haemorrhage into L. upper eyelid. 
More swellings appeared over head. Primary growth : Tumour lay between L. kidney and 
suprarenal, the latter being spread over it like a hood, and continuous with it internally. 
‘Sarcoma.’ Bones: Large tumour over L. temporal, parietal, and frontal bones. Internally 
it bulged the dura mater, but did not perforate it. Several other smaller growths on calvarium. 
Glands : Cervical glands on either side were infiltrated with growth. A small affected gland 
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lay between L. suprarenal and aorta. Blood examination: Red cells 3,125,000. White cells 

12 , 000 . 

Case 6 (P. 3VI. Records, vol, xv, no. 327). P. 7^ years. Duration : 4 months. Clinical 
course : History of lameness in R, leg for two months, and wasting during that time. Vomit- 
ing frequently. On admission— firm, discrete glands on both sides of neck, more marked on 
L. side. Soft, projecting tumour over occiput. Large nodular tumour felt in L. lumbar 
region. Urine contained trace of albumin. Later, developed optic neuritis. Primary 
growth : ' Large tumour (4J lb.) surrounding and involving the L. suprarenal, ‘ SmaU round- 
celled sarcoma.’ Bones : Large soft purplish tumour on L. side of occipital bone, bulging 
dura greatly, but not invading it. Growth on outer side of L. orbit. Growth on inner surface 
of 5th rib, projecting into pleura. Glands : Retroperitoneal mesenteric, R. iliac, and lower 
L. tracheal glands involved, also those at hila of kidney and liver. Other deposits : Growth 
into L. kidney from hilum. Growths in both ovaries. Small diffuse growths in liver. Blood 
examination : Red cells 2,260,000. Hb. 50 %. White cells 5,000. 

Case 7 (P. M, Records, vol. viii, no. 57). (Cited by Hutchison.) M. 83-% years. Duration : 
? 10 months. Clinical course : Six months before admission struck by stone on forehead ; 
since that headache, nausea, and vomiting. Ecchymosis of L. eye since injury, R, eye became 
black later. On admission — tumour in L. lumbar region. L. cervical glands enlarged. Urine 
normal. Later, tumours appeared at external orbital angles on both sides. Both eyes became 
proptosed — L. first. Optic neuritis. Cornea on both sides ulcerated. Swellings on R. tibia, 
lower jaw, and malar bones. Primary growth : Large, soft, variegated mass, occupying 
L. side of abdomen, involving L. kidney and suprarenals. ‘ Sarcoma.’ Bones ; Large, soft, 
reddish tumours in both temporal regions, over L. parietal region, and at root of nose, also 
into both orbits. Areas of growth between dura and skull, and dura and brain, but not 
invading brain substance, though it had caused yellow softening in L. temporo-sphenoidal lobe 
by pressure. Glands : Mesenteric glands of dark red colour, but not obviously enlarged. 
Blood examination : 1 white cell to 234 red cells. 

Case 8 (P, M. Records, vol. vi, no. 251). (Cited by Chaffey.) P. 3 years. Duration : ? 8 
months. Clinical course : Had been getting pale and languid, and then lumps appeared on head. 
Difficulty in walking for three months, and in passing urine for one month. On admission — 
lower extremities wasted. Small swelling to R. of spine of last lumbar vertebra. Swellings 
in scalp in temporal and parietal regions. Systolic murmur over praecordium. Primary 
growth: L. suprarenal involved, with rim of normal tissue. ‘ Round^celled sarcoma.’ 
Bones : Large tumour in R. parietal bone, causing swelling equally on both surfaces. . Similar 
smaller one on L. side. Dura was pushed before them. Swellings on posterior asiDect of 
manubrium sterni, and on inner aspect of all the ribs. Subperiosteal growths on dorsum ilei. 
Glands : Numerous large retroperitoneal glands, some pushing through the inten’ertebral 
arches in the lumbar and sacral regions and pressing on the spinal theca, though not invading 
it. One at lower part of L. side of neck. Mesenteric glands normal. Other deposits: 
Growth in-R. ovary; L. kidney contained numerous small deposits in cortex resembling 
tubercles and pus in the pelvis. 

Case 9 (P. M. Records, vol. iv, no. 260). F. 34 years. Duration: About 7 months. Clinical 
course: Commenced with pain in abdomen and back and cramp in L. leg. Eyelids. swollen 
later. Swellings appeared on head. On admission — small swelling over R. parietal jegion. 
Glands on L. side of neck enlarged. Tumour felt in L. iliac fossa. Later, double optic neuritis. 
L, eyelid swollen. Swellings appeared on L. side of head. Systolic murmur loudest at . apex. 
Primary growth : In L. lumbar region beneath suprarenal is found a greyish-white firm body 
size of walnut. ' Bones : Large soft purplish swelling over both parietal bones, also many 
other smaller ones. One over internal occipital protuberance has dura mater adherent. 
Numerous soft growths along base of skull and in both orbits, especially in L. Inner surface of 
all ribs and second piece of sternum show irregular purple swellings. Glands : In R. iliac 
fossa, lying against bones of pelvis, is a large, soft, purple gland. On the L. side a chain of 
glands runs from brim of pelvis to level of 2nd lumbar vertebra, each containing new 
growth. Blood examination : Bed cells diminished. White cells show no increase. 

Case 10 (P. M. Records, vol. iii, no. 165). M. 5 years. Duration : ?7 months. Clinical 
course : - Frontal headache for- seven months. About one month ago R. arm and leg. became 
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paralysed — arm gradually recovered, but be is not yet able to walk. Sis weeks ago L. side 
of cbest began to bulge. Eyes swollen for one month and head is getting larger. On 
admission — proptosis on both sides, L, more marked. Double optic neuritis. Systolic 
murmur at apex. Urine normal. Primary growth : Not clearly indicated, but apparently 
‘ about kidneys ’. ‘ Cancer.’ Bones : Cranium very soft, inner surface covered with spicules 

of bone, some of which adhered to dura. Growth in L. orbit. Cancerous mass on posterior 
surface of sternum and on inner surface of 2nd and 3rd L. ribs. Glands : Mesenteric glands 
enlarged and congested, some caseous. Bronchial glands a little large and congested. Other 
deposits : Cancerous material scattered through liver, apparently round the interlobular 
veins. Kidneys much enlarged, mottled red and white. Blood examination : White cells 
showed no increase. 

Case 11 (P. M. Record, vol. ii, no. 295). M. 10 years. Duration: 13 months. Clinical 
course : Eight months before admission fell against a chair, injuring his L. side. Occasional 
shooting pains in L. thigh. Three months ago tumour felt in L. lumbar region. Two months 
after admission L. leg became paralysed. Later, lumps appeared over L. eyebrow and in L. 
occipital region. Swelling and redness of L. eyelid. No optic neuritis. Primary growth : 
Large mass in abdomen, ‘ apparently starting in glands in L. lumbar region.’ Bones : Two 
large lumps on calvarium — one frontal, the other occipital — bulging dura, but not perforating 
it. Growth in L. orbital cavity. Glands : Lumbar glands affected. Blood examination : 
Blood appeared normal. 

Case 12 (Hutchison, Case V). M. 21 years. Duration : Not stated. Clinical course : 
Fall on head three weeks before admission. Swelling of eyes and face started afterwards. 
Both eyes proptosed. Ecchymoses of lids. Growths in temporal fossae and swelling felt 
in L. hypochondrium. Primary growth : Sarcoma of L. suprarenal. Bones : Calvarium 
infiltrated with new growth. Other deposits : Small nodule in liver. Blood examination : 
Red cells 3,200,000. White cells 8,400, Polymorphs 47 %. 

Case 13 (Hutchison, Case YI). M. 3 years. Duration: .'^bout 11 weeks. Clinical 
course : 111 for two months, but getting pale for a considerable time. Profoundly anaemic. 
Haemorrhage from gums. Growth appeared in L. temporal fossa. Slight proptosis of L. eye. 
Optic neuritis. Blindness. No tumour felt in abdomen. Urine normal. Primary growth : 
Sarcoma of medullaiy part of L. suprarenal. Bones : Infiltration of calvarium and of thoracic 
spinal column. Blood examination : Red cells 1,400,000. Hb. 38 %. White cells 8,000. 
Polymorphs 65 %. 

Case 14 (Hutchison, Case X). M. 3 years. Duration: About 8 weeks. Clinical 
course : Blacking of L. eye noticed four weeks ago. On admission — both upper lids blackish 
(? haemorrhagic). Haemorrhages into L. conjunctiva. Ovoid elastic tumour over R. parietal 
eminence. Rounded prominence just above R. ear (? haematoma). Profoundly anaemic. 
Spleen palpable. Urine normal. Later, his abdomen became tender, but no definite tumour 
was felt. Primary growth : Large mass above L. kidney which was easily separated from 
surrounding tissues. No evidence of a suprarenal capsule. ‘ Lymphosarcoma.’ Bones : 
Entire surface of skuU covered by large masses of new growth, which was for the most part 
soft on section, but contained some spicules of bone. The growth invaded both orbits, but not 
the cavernous sinuses. Glands : Neighbouring glands enlarged by infiltration. No enlarge- 
ment of mediastinal glands. 

Case 15 (Aisenstein). M. 2 years. Duration: About 14 weeks. Clinical course: 
Complaining of anaemia, wasting, and pain on standing or walking. Fullness in chest due to 
mediastinal glands. Albumin in urine. One month later had haemorrhage into L. eyelid. 
Haemorrhagic pleural effusion. Lateral displacement of lower dorsal vertebrae. Finally 
large tumour on frontal bone, large deep-seated mass in region of stomach, with small scattered 
round tumours in abdomen. Primary growth : Large tumour of L. adrenal. ‘ Endothelioma.’ 
Bones : Numerous metastases to skull and ribs. Glands : Metastases to abdominal and 
cervical glands. Other deposits : Extension to pancreas. 

Case 16 (Mann). Sex? 2 j-ears. Duration: 14 weeks. Clinical course: Complaint 
of weakness, pallor, and abdominal pain. Cervical glands enlarged. Later, a large tumour 
(apparently splenic) palpable in abdomen. Proptosis of L. eye, and haemorrhage into cellular 
tissue of L. orbit. Subcutaneous haemorrhages over sternum and scalp. L.-sided pleural 
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effusion. No pigmentation. Primary growtli : Large tumour of L. suprarenal (7"x4i"). 
Kidney at lower pole surrounded but not invaded. ‘Round-celled sarcoma.’ Pones: Secondary 
deposits in both orbital plates of frontal bone, in the R. parietal bone, and in the sternum. 
Glands : Cervical glands were sarcomatous. Few glands near hilum of L. kidney involved in 
grovirth. Other deposits : Direct invasions of pericardium and L. lung by growth. L. pleural 
cavity contained nearly a pint of blood-stained fluid and small secondary growths on internal 
surface of parietal pleura. Blood examination : Hb. and red cells 60 %. White cells 
15,000. Polymorphs 55 %. Lymphocytes 40 %. 

Case 17 (Targett). M. 1 year. Duration: 11 weeks. Clinical course: Fell out of 
chair two months ago and soon aftenvards swelling appeared in L. frontal region. On 
admission there was a hemispherical swelling here 3" in diameter. Later, two other smaller 
tumours appeared on head. All grew rapidly. Primary growth: Large mass of growth 
surrounded a healthy L. kidney. L. ureter passed through the mass, and pelvis of kidney was 
dilated. ‘ Round-celled sarcoma.’ Bones : Large dark-red soft growth in L. side frontal bone 
— bulging dura, but not adherent. Several smaller deposits in neighbourhood. Another in 
L. lesser wing of sphenoid, and a much larger one on L. temporal fossa. Several ribs on both 
sides invaded at sternal ends, and sternum itself was almost entirely replaced by growth. 
Glands : Large mass of growth along dorsal spine, but not invading vertebrae. Below, this 
was continuous with similar mass in abdomen which reached the whole length of the lumbar 
spine, and on the L. side to spleen, tail of pancreas, and kidney. 

Case 18 (Richards). M. 6 months. Duration : 4 months. Clinical course : When 
two months old, swelling appeared on posterior fontanelle, and had grown to size of 
oiange — soft and fluctuant. Other lumps had since appeared on head, and some on legs. 
One mass had destroyed the R. eye. Primary growth: Both suprarenals destroyed by soft 
vascular growths ; L. more prominent. ‘ Small round-celled vascular sarcoma.’ Bones : 
Three tumours on calvarium— one occipital, one on each half of frontal— soft and full of 
blood. Dura mater free. Ribs 5 and 6 showed new growth. Glands : Growth in posterior 
bronchial glands. Mesenteric glands a little enlarged. Cther deposits: Patches in liver. 
Nodule in subcutaneous tissue of L. arm and R. leg. Larger nodule on R. thigh with perio- 
steal base. 

Case 19 (Caille). Infant. Duration: ?. Clinical course: Moribund when seen. 
Primary growth : Tumour of L. suprarenal. ‘ Round-celled sarcoma (cystic).’ Bones : Diffuse 
growth in 3rd cervical vertebra. 

Case 20 (Richards). M. 2 weeks. Duration: 12 days. Clinical course: Abdomen 
noticed -to be swollen two days after birth, and it had got bigger since. Oedema of legs, 
abdomen, and back. Urine normal. Primary growth : Large tumour in L. adrenal with 
normal cortex surrounding it. ‘ Small round-celled vascular sarcoma.’ Glands : Glands in 
portal fissure infiltrated. Cther deposits : Liver much enlarged, mottled yellow. Infiltrated 
throughout with new growth. 

Case 21 (Dalton). M. 6 weeks. Duration: 6 weeks. Clinical course: At birth 
abdomen was noticed to be large. Hard swelling in abdomen. Liver below umbilicus. 
Primary growth : Tumour, size of hen’s egg, in L. adrenal. Small portions of cortex seen 
unaffected. ‘ Small round cells — striking resemblance to carcinoma.’ Cther deposits : Liver, 
weight 37 ^ oz. Numerous haemorrhages and areas of new growth on surface and in substance. 

Case 22 (Parker). Sex ? 5 weeks. Duration : 2 weeks. Clinical cotmse : When 
three weeks old, swelling and hardness of abdomen were noticed. No jaundice. On palpation, 
tumour began in liver region and reached quite over to opposite side, and as low as iliac 
crests. Slight oedema of lower extremities. Primary growth : Between L. kidney and 
spleen was a mass of new growth as large as a Tangerine orange, and it invaded neither 
organ. ‘ Round-celled sarcoma.’ Cther deposits : Liver, 23 oz. Nodules of new growth over 
surface and throughout entire organ, varying in size from millet-seed to walnut. 



136 


QUARTERLY JOURNAL OF MEDICINE 


CLASS B. CASES IN WHICH THE PRIMARY GROWTH WAS IN THE 
RIGHT SUPRARENAL MEDULLA. 

Case 23 (P. M. Records, Hosp. for Sick Children, Gt. Ormond Sfc., vol. xsx, no. 60). 
M. 2i years. Duration : About 6 months. Clinical course : Lumps on head noticed five 
months before admission- — getting larger. Swellings on R. side of forehead, and in L. temporal 
fossa. Enlarged glands in suboccipital and around mastoid regions. Had systolic murmur 
over praecordium. Later developed ecchymosis of R. upper and lower eyelids. Primary 
growth : R. adrenal contained new growth, size of shelled walnut, with fringe of apparently 
normal adrenal. Round and oval-celled sarcoma. Bones : Numerous soft, red, spongy masses 
on calvarium, bulging dura, but not perforating it. Growths in basi-sphenoid and in both 
orbits. • Glands : Large on both sides of neck, especiaUy on R. side. Large gland near pelvis 
of R. kidney. Other deposits: Few secondary nodules in liver. Blood examination: 
Red cells 1,572,000. Hb. 45 %. White cells 14,000. Polymorphs 39 %. Lymphocytes' 55 %. 

Case 24 (MacCarty). Sex ? years. Duration : ? 10 months. Clinical course : Eight 
weeks before- admission small swelling L. side of head. Soon afterwards R. exophthalmos, 
enlarged gland behind ear and in L. axilla. Small tumours in jaw, in L. parietal region, and 
in L. axilla. Primary growth : Tumour in R. adrenal size of child’s head. Malignant 
hypernephroma. Bones : Pour metastases in cranium. Glands : Metastases in axilla. Blood 
examination : Polymorphs 70 %. Lymphocytes 27 %. Eosinphiles 3 %. No nucleated reds. 

Case 25 (Tileston and Wolbach). M. 16 months. - Duration : About 7 weeks. Clinical 
course: One month before admission purple discoloration of R. upper and lower eyelids. 
Later, exophthalmos of R. eye. Soft mass over R. temporal region. Nothing felt in abdomen. 
R. preauricular glands and those at angle of jaw considerably enlarged. Finally ecchymosis 
appeared in R. lower eyelid. Primary growth : Soft, elastic, and irregular tumour of R. 
adrenal. Small round-celled sarcoma. Bones : Large tumour on R. side of skull. Ribs and 
other bones noimal. Glands : Enlarged glands at R. side of neck, at angle of jaw, and along 
stemomastoid. Other deposits : Pelves of both kidneys much dilated and contained numerous 
soft brown masses of granular material. 

Case 26 (Bruck). F. 14 months. Duration: About 3 weeks. Clinical course: Pain 
and swelling in abdomen for two weeks. Discoloration and swelling of R. eyelid. Tumour 
palpated on R. side of abdomen, reaching nearly to anterior superior spine of ilium. Operation. 
Death. Primary growth : Large tumour of R. adrenal. Small round-celled sarcoma. Bones : 
Growths on cranial roof. Small tumour on upper wall of orbit, and in the dura of the frontal 
bone. Glands : Metastases in mesenteric and prevertebral glands. Other deposits : Tumour 
in liver. Pancreas involved by extension. Some consolidation of R. lower lobe. 

Case 27 (Cohn). F. 9 months. Duration : 5 weeks. Clinical course : Brought for 
swelling on R. temple and protrusion of R. eyeball. Behind L. ear were five smaller tumours. 
Tumour felt deep in R. flank. Rapid growth of abdominal and cranial tumours. Great 
enlargement of occipital and deep cervical glands. Primary growth : Large tumour in R. 
adrenal. Medullary sarcoma, primary in R. adrenal (Virchow). Bones : Numerous growths 
in skull, also in most of the ribs at their costo-chondral junctions, and they were thickened 
along the whole extent of their inner periosteal coat. Glands : Cervical and occipital glands 
involved. Mesenteric glands slightly enlarged. Other deposits : In liver, in R. kidney, and 
in L. ovary. 

Case 28 (Ogden and Matthews). M. 5 years. Duration: About 6 weeks. Clinical 
course : Slight fall six weeks before admission. Three weeks later, severe pain in back ; one 
week later, discoloration of ej’elids. Swellings on head. Large tumour in R. flank. Liver 
down to umbilicus. Glands in neck palpable. Optic neuritis. Progressive anaemia. Rupture 
of cornea. Marked double proptosis. Primary growth : Large mass of retroperitoneal 
growth between liver and R. kidney. Small round-celled sarcoma. Bones: Extensive 
secondary deposits in vault and bone of skull, also in sternum. Other deposits : Liver invaded. 
R. kidney surrounded and involved. Blood examination ; Red cells 2,050,000. Hb. 50 %. 
White cells 10,000. Polymorphs 41 %. 
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Case 29 (P. M. Records, vol. xriii, no. 50). M. 3^ years. Duration : 2 months. Clinical 
course : Commenced with abdominal pain and swelling. Large firm mass filling up whole of 
right and middle divisions of abdomen. Systolic murmur over praecordium. Mass increased in 
size. Oedema of feet. No pigmentation. Urine normal. Primary growth.: Large, soft, 
retroperitoneal tumour, closely applied to under surface of liver, but not attached to it. 
R. suprarenal not seen. ‘ Consisted of cells with small round and oval nuclei.’ Liver : Few 
small nodules over ‘bare area’ of liver, also just under capsule in front. Lungs: Small 
circular ivory-coloured nodules at apex of R. upper lobe and apex of L. lower lobe. Few smaller 
nodules in R. lower lobe, in relation to bronchi. Kidney : L. unaffected. R. could not be 
found. Glandular and other deposits : Glands and nodules of growth on upper surface of 
R. diaphragm. Enlarged glands at junction of R. subclavian and internal jugular veins. 

Case 30 (P. M. Records) vol. xxii, no. 296). F. 6 years. Duration : 18 weeks. Clinical 
course : Brought to hospital for lump in abdomen. On admission— pale and emaciated. Firm, 
hard tumour in abdomen, in middle and left divisions. Operation. Death. Primary growth : 
Large mass growing from medulla of R. suprarenal — part of unaffected cortex adherent. 
‘ Cells with round and oval nuclei and small amount of protoplasm.’ Liver : Several small 
secondary nodules on surface. Kidney : Both showed dilatations of pelves, due to pressure 
on ureters. L. pelvis contained blood clot. Glandular and other deposits : Some retro- 
peritoneal glands infiltrated. Growth spread forwai'd between muscular and peritoneal laj'ers 
of anterior abdominal wall. 

Case 31 (P. M. Records, vol. xvii, no. 94). M. years. Duration : 3 weeks. Clinical 
course : Became pale and irritable, and then tumour noticed on R. side of abdomen. On 
admission, large mass felt in R. half of abdomen — ^kidney shaped. Small subcutaneous lump 
pn R. 8th rib in posterior axillary line. Primary growth: Growth reached from under 
surface of liver to pelvis. R. suprarenal could not be found. ‘ Round-celled sarcoma.’ Liver : 
Infiltrated. Growth adherent to lower surface. Lungs : Tumour had growm up behind 
liver and infiltrated diaphragm. Masses of growth on R. pleural surface of diaphragm. 
Kidney : R. kidney was small and lying in mass. Growth apparently beginning to infiltrate 
outer aspect of posterior wall. 

■ Case 32 (P. , M. Records, vol. xvi, no. 48). F. years. Duration : years. Clinical 

course ; Brought up for. abdominal swelling. On admission — large smooth tumour in R. side 
of abdomen. . Urine contained pus, blood, and albumin. Operation — tumour partially re- 
moved. , Primary growth : Large soft retroperitoneal tumour. R. suprarenal not seen. 

‘ Sarcoma.’ Liver : Few small growths, chiefly in B. lobe. Limgs : Lungs largely occupied 
by patches of new growth, especially at apices of both lower lobes and in R. upiser lobe. Turbid 
fluid in both- pleurae. Kidney : R. removed at operation. L. unaffected, but surrounded by 
tumour. Glandular and other deposits : Tracheal and bronchial glands slightly involved, 
and. one large one behind L. sterno-clavicular joint. Retroperitoneal glands involved in 
tumour. 

Case 83 .(P. M. Records, vol, viii, no. 136). F. 44 years. Duration: About 4 weeks. 
Clinical course : Fell against edge of table and complained of great pain, and later abdominal 
swelling was noticed and has increased. . On admission — smooth, globular swelling in R. 
hypochondriac, lumbar, and iliac regions. Laparotomy. Death. Primary growth : Large 
mass reaching from under surface of liver to R. iliac fossa. B. suprarenal could be distinguished 
lying in tumour. ‘ Sarcoma.’ Kidney: R. kidney much enlarged, with growth passing in at 
hilum. Kidney could be shelled off it. Glandular and other deposits : Under surface of 
diaphragm and head of pancreas involved. 

Case 34 (P. M. Records, vol. vi, no. 202). F. 24 years. Duration: 13 months. Clinical 
course : Has had swelling of abdomen and occasional pain. On admission — large tumour in 
R. side of abdomen. Urine normal. Later, R. leg and foot became swollen, and cervical glands 
enlarged. Primary growth : Growth of R. suiirarenal, mass extending from diaphragm to R. 
iliac fossa. ‘Encephaloid cancer.’ Lungs : Small nodule in L. lower lobe. Two in R. middle 
lobe. Centre of R. lower lobe solidified and soft in parts. Kidney : Growth had passed in 
through hilum and normal renal tissue had become spread over it. Glandular and other 
deposits : Small nodule of new growth between uterus and bladder. 

Case 35 (P. M. Records, vol. iv, no. 228). M. 4 years. Duration : 9 months. Clinical 
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courso: Swelling of abtlomon and wasting. On admission — largo tumour at site of R. kidney, 
and nodules felt below liver and in L. iliac fossa. Urine nonnal. Later, became jaundiced. 
Dullness over base of R. lung. Primary growth. : R. suprarenal capsule affected, forming mass 
half the size of the kidney, but distinct from it. Iiivor : Common bile duct is embedded in 
mass, but patent. Tumour has grown into portal canals in hands, and forms masses around 
canals. Kidney : Mass has grown into R. kidney, and the renal pelvis is spread out over it. 
Glandular and other deposits : Mass of growth passing in between folds of mesentery. 

Case 36 (P. M. Records, vol. iv, no. 202). M. 4 years. Duration: 7 months. Clinical 
course : Brought up for wasting, swelling of abdomen, and pain in L. side. No vomiting. 
Largo mass in abdomen, more marked on L. side. Urine contains slight trace of albumin. 
Primary growth : Largo mass contiguous to R. kidney and under surface of liver. Liver : 
Some small round nodules honoath capsule on upper surface. Limgs : Both pleurae partially 
adherent. Enlarged glands in lung, some pale caseous, some pulpy red and ginimous. 
Kidney : Pelvis of L. kidney spread out on mass growing in at hilus. Glandular and other 
deposits *. Retroperitoneal, bronchial, and mesenteric glands involved. 

Case 37 (P. M. Records, vol. iv, no. 182). M. years. Duration: ? weeks. Clinical 
course: Began by vomiting a yellow fluid. A week later became jaundiced and motions 
white. Pain and swelling of abdomen. On admission — large tumour reaching from pelvis to 
umbilicus and into R. iliac fossa. Glands in both groins enlarged. Jaundice remained till 
death. Primary growth : Large retroperitoneal mass, extending round to anterior abdominal 
wall. Extends also between kidney and liver, and from here to under surface of diaphragm, 
which is completely invaded and about 1 in. thick. ‘ Lymphosarcoma.’ Liver : Small 
secondary growths. Structures at portal fissure embedded in mass. Kidney: Small secondary 
growths in both, largest about size of ‘hazel nut’. Both kidneys posterior to, and readily 
separated from, large growth. Glandular and other deposits: Small mass adherent to 
under surface of sternum in front of heart and R. lung. 

Case 38 (P. M. Records, vol. iv, no. 58). M. 2jiW years. Duration : C weeks. Clinical 
course: Pain in abdomen and diarrhoea. On admission— subcutaneous tumour in R. inter- 
scapular region over 8th and 9th ribs, smooth, firm, and non-fluctuating. Apical systolic 
murmur. Dullness on percussion over R. base of lung, bronchial breathing, and rfiles. Urine con- 
tained slight trace of albumin. Later, liver became much enlarged, and there was a large tumour 
in R. hypochondrium. Primary growth : Large retroperitoneal mass, situated to R. of and 
below liver, mostly chocolate colour, but part is yellowish and looks like substance of suprarenal. 
Mass spread across front of spine, and sends up a prolongation through diaphragm. ‘ Sarcoma.’ 
Liver : About six small subcapsular growths, and one larger mass in substance above gall- 
bladder. Lungs : Large fleshy mass of new growth in R. pleural cavity, attaching lung to 
diaphragm, but can be separated. It projects backwards between ribs, giving subcutaneous 
nodules. Crosses vertebral column behind pleura to L. side. Some small pale-greyish nodules 
under the visceral pleura of both lungs. Kidney : R. kidney compressed and atrophied by 
growth. Contains a small pyramidal nodule, haemorrhagic, with base to surface. Glandular 
and other deposits : Some enlarged glands in pelvis. 

Case 39 (P. M. Records, vol. iii, no. 120). F, 2 years. Duration : 3 weeks. Clinical 
course : Abdominal swelling and pain, and latterly swelling of logs. On admission— quantity 
of fluid in abdominal cavity, which was drawn off, and then a nodular swelling continuous 
with liver could be defined. Primary growth : Tumour in R. side of abdomen just below 
liver, and had prolongations forward under parietal peritoneum, also into mesentery. Adherent 
to R. side of diaphragm. ‘ Medullary cancer.’ Liver : On posterior border and on under 
surface were whitish patches, and these extended a short distance into liver substance. Portal 
vein was compressed. Glandular and other deposits : Thoracic and bronchial glands some- 
what enlarged and contained soft creamy matter. 

Case 40 (P. M. Records, vol. ii, no. 99). M. 2/2 years. Duration : 4 months. Clinical 
course : Began with abdominal pain, then swelling, and later lump was seen in R. lumbar 
region. No jaundice. No vomiting. On admission — hardtumourinR. loin, consisting of super- 
ficial mass with deeper nodules. Primary growth : Large mass between R. kidney and liver 
in situation of R. suprarenal. ‘ MTiite enccphaloid cancer.’ Liver: Numerous small cancerous 
deposits. Lrmgs : Old adhesions on under surface of R. lower lobe. Kidney: Large mass 
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filled up pelvis of R. kidney. Kidney substance was stretched over it and could be detached. 
Glandular and otKer deposits : In posterior mediastinum was a mass of cancer, the size of 
a small pea. 

Case 41 (Prom Museum Royal College of Surgeons}. M. 5 years. Clinical course : Ad- 
mitted to Fever Hospital -with severe stomatitis, and necrosis of jaw. Urine normal. No 
tumour felt on palpation of abdomen. Primary growth : Large growth in R. adrenal which 
invaded neighbouring portion of diaphragm. Iiiver: Many secondaiy deposits. Kidney: 
R. kidney separated by fibrous capsule from growth. Glandular and other deposits : 
Lobules of growth surrounding vena cava. Secondary deposit in mesenteric glands. 

Case 42 (Lazarus). Sex? 4 years. Duration; 7 weeks. Clinical course: Swelling 
R. side of abdomen. No glandular enlargement. Urine normal. Later, oedema of feet and 
abdomen. Primary growth : Very large round tumour in jjosition of R, suprarenal, with 
narrow strips of kidney at lower end. 'Round-celled sarcoma.’ Kidney: R. kidney firmly 
attached and could not be separated. 

Case 43 (Pitt). M. 10 months. Duration : About 12 weeks. Clinical course : Vomit- 
ing and diarrhoea for six weeks. Large tumour 'in abdomen, which steadily increased 
in size. Became drowsy and jaundiced. Primary growth: R. suprarenal had mass of new 
growth, size of egg. ' Vascular small round-celled sarcoma.’ Liver : Large mass is greatly 
enlarged R, lobe of liver, with numerous secondaiy nodules scattered about. Glandular and 
other deposits: Gland in neighbourhood of suprarenal involved, with extension to head 
of pancreas. 

Case 44 (Richards, Case XLIX). F. 8 months. Clinical course ; Admitted for cough 
of one month’s duration. Primary growth: R. adrenal contained a white growth, with 
haemorrhages into it, the size of a large pea. ‘ Round-celled sarcoma.’ Lungs : Pleurisy and 
broncho-pneumonia on R. side. 

Case 45 (Richards, Case XVIII), F. 2i years. Duration : 4 weeks. Clinical 
course: Five weeks ago fell down stairs. One week later swelling noticed in R. side of 
abdomen, which has since increased. Large tumour in R. loin. Legs slightly oedomatous. 
Primary growth : A large mass had originated in R, adrenal and destroyed it. ‘ Small round- 
celled sarcoma.’ Liver: Tumour attached to liver, hut not invading it. Lungs: R. lower 
lobe compressed. Kidney: Normal kidney tissue forming a capsule to large mass of new 
growth. 

Case 46 (Eberth). P. years. Clinical course: Mass felt in abdomen. Ascites, 
diarrhoea. Primary growth : Growth in E. suprarenal. ‘ Myosarcoma.’ Kidney : Growth in 
L. kidney. Glandular and other deposits : Metastases in peritoneum and diaphragm. 

Case 47 (Gade), P. 6 years. Clinical course : Supposed to have psoas abscess or spondy- 
litis. Primary growth : R. adrenal size of child’s bead. ‘ Round-celled sarcoma.’ Liver : 
Metastases in liver. Limgs ; Metastases in B. lung. 

Case 48 (Earle and Weaver). M. 3 years. Duration: About 4 months. Clinical 
course : Jaundice, emaciation ; rapid increase in size of liver, with improvement followed by 
relapse. Primary growth: Mass of altered suprarenal continuous with R. suprarenal, 
surrounding ducts in portal fissure. Prof. Welch says : ‘ Not certainly sarcoma,’ but he is 
inclined to regard it as such. Liver: Surface olive green. No masses. Gall-bladder dis- 
tended. 

Case 49 (Pepper), F. weeks. Duration: ? 6.^ weeks. Clinical course: Abdomen 
enlarged since four weeks old. Large abdominal mass. Liver 1 in. below umbilicus and large 
mass in R. iliac fossa and R. lumbar region posteriorly. Dullness all over this area. Child 
somewhat wasted. Primary growth: R. suprarenal enlarged, firm, haemorrhagic. On 
section yellowish- white with scattered areas of haemorrhage. Remnant of gland left at 
periphery. ‘ Lymphosarcoma.’ Liver : Weight, 2 lb. 8 oz. Uniformly enlarged w;ith no 
irregularities. Capsule smooth, mottled with reddish and yellowish areas. On section 
appearance similar to suprarenal. 

Case 50 (Gade). M. 4 yeai-s. Clinical course: Pain, emaciation, and abdominal 
tumour. Primary growth: Both suprarenals involved in one mass size of child’s head, 

‘ Round-celled sarcoma.’ Liver ; Metastases in liver. 

Case 51 (Orr). F. 15 weeks. Duration : 2 months. Clinical course ; Large abdominal 
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mass. No pigmentation. Child gradually became •weaker. Primary grotvlh : Both supra- 
renale affected, E, much more than L. ‘ Round-celled sarcoma, but extending like carcinoma.’ 
Iiwer : Numerous yello'wish-'white gro'wths. 
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DESCRIPTION OF FIGURES. 

Plate 19, Fig. 1. Case 1. .Photograph of inner aspect of calvarium, sho-wing secondary 
deposits. (Dura has been removed.) Photograph by G. B. Wainwright. 

Fig. 2. Case 2. Photograph taken Sept. 3, sho-wing uleeration of R. cornea, also proptosis 
of B. eye. 

Fig. 3. Case 2. Photograph taken August 24, showing exophthalmos of R. eye and swelling 
over R. external angular process. 

Fig. 4. Case 3. Photograph showing exophthalmos of both eyes, more marked in left. 

Fig. 5. Case 3. Photograph of calvarium (outer aspect), showing numerous secondary 
grovrths. 

Plate 20. Case 3. Painting of prima^ growth, showing tumour in section, kidney at 
lower pole, mass of enlarged glands at its hilum. 

Plate 21. Case 29. Painting showing liver flattened out by growth, B. kidney unaffected. 
Secondary nodules on upper surface of diaphragm and in lungs. 
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NOTES UPON ALTERNATION OF THE HEART 


By THOMAS LEWIS i 
(From University College Medical School) 

With Plate 22 

Amongst the several affections of its mechanism to which the human heart 
is subject, none perhaps is less understood than alternation of the strength of its 
contractions. A great many observations have been made in regard to it, but 
the explanation of its production is still wrapped in obscurity. 

During the course of a systematic investigation of cardiac ii-regularities, 
clinical and experimental, I have met with heart alternation in slight and 
marked degree on many occasions. From a number of observations a few, 
hitherto undescribed, have been selected for publication. 

Heart alternation occurs under two circumstances. It is seen when the 
cardiac muscle is not of necessity altered structurally, as an accompaniment of 
great acceleration of the rate of rhythm. It is also found when the pulse is 
of normal rate, and under such circumstances the muscle is either markedly 
degenerate or the heart shows evidence of embarrassment as a result of poisoning 
or some other factor. , 

The observations now published are drawn from the first group. 

Divergent Alternation. 

In studying the effect of ligation of the coronary arteries, it was found that 
an obstruction of one or the other is usually followed by the appearance of 
rapid and new rhythms arising in the ventricle ; and a detailed account of such 
rhythms will be found in another place (3). Suffice it to say that the ventricular 
rhythm dominates that of all the cardiac chamber ; and that if the heart rate is 
gi-eatly increased, alternation frequently appeal's. Examples of the curves 
obtained under these conditions are shown in Figs. 1 and 2. The four tracings 
of Figs. 1 and 2 were each obtained in similar manner. The uppermost curve 
in each is a ventricular myocardiograph, taken with a modification of Roy and 
Adami’s instrument ; the points of attachment were transversely across the 
centre of the heart. The second curve in each is a similar record from the right 
auricle. The third curve is a carotid pressure tracing, taken with a HUrthle 
manometer. 

In a recent paper Hering has published simultaneous apex and radial 
curves from the dog and from a clinical case, which appear to demonstrate that, 
when alternation in excursion in both is manifested, the larger excursion in one 

^ 'Working under the tenure of a Beit Memorial Research Fellowship. 

[Q.J.M., Jan., igu.) 
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may be found to correspond to the smaller excursion in the other. The fact 
that the large apical curve may correspond to the smaller radial beat seems 
such a remarkable phenomenon, that, regarded as an expression of the relation- 
ship of the strength of ventricular contraction and the amplitude of the 
corresponding arterial curve, it can hardly meet v?ith acceptance in the absence 
of confirmatory and more direct evidence. This evidence is provided by the 
three accompanying curves- (Fig. 1). The curves represent a paroxysm of regular 
tachycardia in -which the auricle is responding to the ventricle. Attention is 
dra-wn to the fact that in these curves the systoles of the ventricle (above) and of 
the auricle (belo-w) are represented by downstrokes. They illustrate the changed 
relationship which may be found in ventricular, auricular, and carotid curves 
within short spaces of time. A few seconds intervene between each strip. In 
the first curve the large ventricular beat corresponds to the large auricular beat 
and to the large carotid upstroke. In the second curve the large ventricular 
beat corresponds to the large auricular and to the small carotid beat. In the 
third curve the large ventricular beat corresponds to the smaU auricular beat 
and to the large carotid beat. 

It is shown, therefore, that the excursion of the arterial curve, when 
alternation is present, is not necessarily associated with parallel alternation in 
the amplitude of the ventricular muscle excursion, and that in one and other 
the alternation may be divergent. The simultaneous alternation in the auricle 
is of special interest. It is clearly shown to be independent of the ventricular 
alternation by a comparison of the first two with the last curve, for in the first 
two curves the auricular and ventricular alternations run with parallelism, while 
in the last they are divergent. Now if the exact relationship of the auricular 
and ventricular systoles be compai-ed in any one of these curves it will be found 
that the auricular systole commences a trifle befote the beginning of the diastole 
of the ventricular cycle to which it belongs (and to the contraction of which it 
is a response), and that it extends well into the said diastole. In brief, the 
auricular systoles are efficient in that they aid the filling of the ventricle. We 
have an immediate’ and I believe helpful clue to the appearance of divergent 
alternation in ventricle and carotid in the middle curve, for in this tracing, as 
opposed to the first, the auricular alternation is marked in its degree. The 
strong carotid pulsation is the result of the weak ventricular contraction, but 
the efficiency of the latter is reinforced by the preceding strong aui-icular 
contraction ; similarly the small carotid pulsation is the outcome of the strong 
ventricular contraction, but the efficiency of the latter is embarrassed by the 
relatively small influx of blood as a result of the preceding weak auricular 
contraction. A comparison of the middle and right-hand curves (Fig. 1) vdll 
show that the ventricular excursion is of equal extent in each. The auricular 
and carotid alternations taken together are also divergent in each ; but in the one 
instance the divergent auricular alternation increases the carotid alternation 
(right-hand curve), while in the other it diminishes it (middle curve). 

The explanation ofiered of the curious anomaly presented by the middle 
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figure, namely, divergence of ventricular and carotid alternation, is strongly 
supported Ly fui-ther observation upon the same animal (the ivbole series 
of curves was obtained within a space of three minutes, and they are given 
in the order of their occurrence). At the commencement and ending of this 
figure (Fig. 2), strips of alternation are shown in which the occurrences are 
similar' to those seen in Fig. 1 (right-hand curve). Over the central portion of 
the strip the vagus was stimulated ; the ventricle is beating in response to 
inherent impulse formation, and the sole effect of the vagus excitation, in this 
instance, is the temporary suspension of auricular activity. But at three points 
an auricular response to ventricle is recorded, and the effects of these three beats 
are strikingly shown in the carotid curve. The first escaped auricular beat {1) 
falls duHng a weak ventricular contraction {!), and its influence is felt by the 
succeeding strong carotid pulsation {!), which is markedly exaggerated. The 
next auricular contraction {2) is a response to a strong ventricular systole {2), 
with which it falls; as a consequence it causes a temporary abolition of 
alternation in the carotid, by increasing the amplitude of an expected weak 
carotid beat (marked 2). The third response shows similar time relationships to 
the first, and gives rise to similar carotid changes ; but it may be noted that 
just as the third auricular beat is weaker than the first, so the third carotid beat 
is weaker than the first. 

As a result of these observations, therefore, it seems clear that certain 
instances of divergent alternation in ventricle and carotid may be the result 
of simultaneous alternation in the auricle.^ A curve has been published by 
Volhard which supports this view. He gives simultaneous curves from 
jugular, apex, and radial in a patient exhibiting alternation. In his figure 
(Fig. 1) the larger apical curve corresponds to the smaller radial beat, but 
alternation is also seen in the amplitude of the a waves in the jugular, and in 
this instance the small radial beat is preceded by the small a wave. 

The Electrocardiogram in Clinical Alternation. 

This note upon heart alternation may be concluded by a bi'ief description 
of some electrocardiographic cui'ves obtained from a patient, the subject of 
auricular tachycardia, whose case has been otherwise fully described in a 
previous communication (3). The facts in regard to the electric cuiwes in 
alternation are ab'eady Icnown as a result of experimentation (1 and 2), and 
their publication is chiefly demanded because it brings the clinical and 
experimental appearances more closely into line. 

Each of the accompanying photographs portrays an electrocardiogram and 
radial curve from the same patient. All are from paroxysmal periods, and the 
abnormal (in this case inverted) P variation is seen superimposed upon T, the 
second ventricular variation. It notches it in a downward direction, occurring 
at the commencement of 2^ in Fig. 3, I and III, and near the apex of T in 

“ It should he stated that the auricular myocardiogram v?as obtained from the right 
auricle, and that it is assumed that alternation was also present in the left. 
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Fig. 3, II. It, -will suffice if the chief points demonstrated by the curves are 
noted. The shape of each ventricular complex shows it to result from a con- 
traction of supraventricular origin. The distinction between alternation and 
premature ventricular contractions arising late in the cycle is clearly defined. 
From beat to beat the curves are similar in their general conformation ; they 
fail to support the view expressed by Hering that alternation may result from 
intraventricular heart-block, for under such circumstances a notable change in 
the general outline from beat to beat would be expected. 

The alternate beats show only slight quantitative changes in the several 
peaks. The short R is usually accompanied by a slightly exaggerated T (Fig. 3, 1), 
though it may be accompanied by a diminished T (Fig. 3, II), or by a T in 
which no change is detected. 

The relationship to alternation in the arterial curve is equally variable and 
equally obscure. In the beginning of Fig. 3, 1, alternation in R runs parallel with 
that of the pulse for the first four beats. That is to say, the tall R corresponds 
to the slightly taller radial beat. In the last beats of the same photograph the 
trace of alternation in the pulse vanishes, while ■ the alternation of R increases 
somewhat. Alternation of the pulse to extinction is shown in the next figure, 
and the complex composed of a high R and a high T is associated with absent 
radial pulsation. In the last figure alternation is well defined in the radial 
curve, while it is not discoverable in the electrocardiogram. 

The explanation of these phenomena is unknown, and a discussion of them 
is impossible at the present time. 


Conclusiom. 

1. Divergent alternation of ventricle and carotid, a condition in which the 
large ventricular contraction corresponds to the small carotid upstroke, is 
encountered experimentally. The divergence is due in some instances to simul- 
taneous alternation of the auricle. 

3. The electrocardiographic curves obtained in clinical heart alternation are 
similar to those obtained experimentally ; there is a divergence between the 
heights of R and T and the amplitude of the radial upstrokes. These facts 
demonstrate the identity of the clinical and experimental conditions. 
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THE INFLUENCE OP CEKTAIN' FACTOES UPON ASPHYXIAL 

HEAET-BLOCK 

By THOMAS LEWIS ^ and B. S. OPPENHEIMER 
With Plates 23-35 

The experimental study of aurieulo-ventricular heart-block in the intact 
animal is not without difficulty, for at the point at which the bundle may be 
divided with convenience, it lies in the septum separating the ventricles or the 
septum between the right auricle and left ventricle. To produce a lesion of 
the bundle, by section and with certainty, necessitates transfixation of this 
septum. As a consequence a communication between left ventricle and either 
right auricle or right ventricle is a customary result. The method of 
incision with the heart beating in situ is therefore impracticable as a routine 
procedure. 

The difficulty may be avoided by the employment of sutures, so arranged as 
to include the bundle, and this method has been adopted by the Berne school. 
But it is apparent that the placing of such sutures is not accomplished with 
facility; a single suture is frequently insufficient, and a large number of 
the experiments are totally abortive. When experiments are directed not merely 
towards the production of heart-block, but towards the further investigation of 
heart-block once produced, it becomes essential that more certain means of 
inducing it should be obtained. This end has been accomplished by Erlanger 
and his co-workers by means of a special clamp, devised to penetrate the intra- 
ventricular septum, and to include between its jaws the upper portion of the 
septum, the bundle and the tissues lying directly at the base of the ascending 
aorta. 

In a paper which appeared in a recent number of Heart, one of us, working 
with Mathison (3), described a series of experiments upon the asphyxial heart, 
originally observed by Sherrington (5). It was clear that we were in possession 
of a sure means of producing heart-block in its several grades, and that as a 
consequence we could conveniently utilize asphjrxia as a method of producing 
heart-block and could study the heart-block so produced. 

The present observations were undertaken with the object of determining 
the influence of acceleration of the auricular rate upon impaired conduction; 
of ascertaining the effect of premature ventricular contractions, single or 
successive, upon the same transmission from auricle to ventricle ; of studying 

^ Working under the tenure of a Beit jMemorial Research Fellowship. 

[Q. J. M., Jan., igii.l L 
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the influence of slight grades of conduction damage upon the retrogression of 
impulses from ventricle to auricle ; and of determining the influence of vagal 
stimulation upon partial heart-block. Some of the observations have already- 
been undertaken by Erlanger (2) and Erlanger and Hirschf elder (1), who produced 
heart-block by compression of the bundle with their specially devised clamp. 
We considered it essential to confirm in asphyxial heart-block the observations 
made by these writers on heart- block resulting from mechanical compression, 
and if possible to extend their observations. 

Method. Cats have been employed exclusively. They have been anaesthetized 
with a preliminary injection of urethane, in an approximate dosage of one and 
a half grams per kilogram of body weight, and by the subsequent administra- 
tion of a sufldciency of chloroform. In the earlier experiments we employed the 
intact chloroformed and curarized animal ; in the later observations we decapi- 
tated the cats. In the earlier experiments we sometimes cut the vagi and 
sometimes preserved them. We have found no essential difference in our results 
according to the adoption of one or other of these several procedures. 

Premature beats were induced by means of induction shocks, single or 
successive and regular, and applied to auricle or ventricle. The fish-hook 
electrodes attached to auricle and ventricle were introduced through small 
windows in the chest-wall, which were subsequently closed, so that the heart 
might lie -within the thorax in as natural a position as possible. No air was 
permitted to remain in the pleural spaces. 

Asphyxia was provoked by the suspension of artificial respiration. Pre- 
liminary observations were made to ascertain the times of the onset of the 
several grades of heart-block in the individual animals. In this manner the 
auricle and ventricle could be stimulated at will, during a phase of any degree 
of heart-block manifested by the animal under investigation. 

The heart-block which occurs in asphyxia progresses from a slight to 
a higher grade, and as a general rule, when a particular grade of heart-block is 
established, there is no break-back to a lower grade, so long as the asphyxia 
persists. A special factor, as for example auricular tachycardia, may temporarily 
increase the degree of such a slowly progressive heart-block. When one is 
studying the effect of various factors upon the original degree of asphyxial 
heart-block, a change from a lesser to a greater grade may be pronounced as due 
to the interfering factor, and not as constituting a step in the regular succession 
of heart-block changes produced by the asphyxia itself when, at the cessation of 
the interference, that grade of heart-block is re-established which existed prior to 
such interference. We take as our criterion of the production of an increased 
grade of heart-block by an interfering factor, the constant appearance of the 
increase of grade at a time when the interference occurs ; and reject all 
observations in which the pre-existing degree of heart-block fails to reappear 
immediately upon, or soon after, the cessation of stimulation. For under the 
last-mentioned circumstances it would be impossible to declare that the increased 
grade of heart-block is due to stimulation, and not to the asphyxia 'per se. 
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Asphyxial heart-block is associated with considerable distension of the 
auricular portion of the heart, and although heart-block be observed by inspection 
of the chambers, myocardiograms are difficult to obtain on account of the feeble 
movernent present in the auricle at such times. We have consequently employed 
the string galvanometer, leading from the right fore-leg and left hind-leg, as the 
most convenient and certain method of obtaining records. 


The Effects of Auricular Tachycardia. 

In control observations, in which the transmission interval is of normal 
length (for cats, 0-08 to 0-12 sec.), auricular tachycardia, resulting from a 
succession of regular induction shocks thrown in at a more rapid rate than the 
natural heart rhythm, usually pi’oduces little or no effect upon the conduction 
time. On occasions, however, and with very rapid tachycardia, we have noticed 
a reduction of the P-R interval. 

The effect of an auricular tachycardia upon conduction during the earliest 
phase of asphyxial heart-block, namely, when the P-R interval is prolonged, 
varies considerably in different animals ; but it is consistent in this respect, 
that it invariably induces an enhanced degree of block. Thus the accelera- 
tion of auricular rate may cause a further and gradual increase of this 
P-R interval, and the increase may be followed to a point at which single 
blocked beats occur, or at which 2 : 1 heai't-block is established (Figs. 1 and 2). 
On other occasions, an abrupt rise in the degree of heart-block may be seen. 
A prolonged P-R interval may give place immediately to a 2 : 1 and eventually 
to a 3 : 1 rhythm ; on rarer occasions, but not uncommonly, complete dissocia- 
tion supervenes (Fig. 2). As a rule a short strip of curve intervenes between 
the prolonged P-R interval and the complete heart-block stage, and during such 
a period a high gi’ade of partial block is present, e. g. 2 : 1 or 3 : 1 heart-block, 
or a succession of ventricular beats occurring at iiTegular intervals in response 
to auricular impulses (Fig. 3). Thus to illustrate the last phenomenon, a pro- 
longed P-R phase may be succeeded at the supervention of auricular tachycardia 
by a 2:1 then 6:1, 5:1, 4:1, 6:1, 3:1 cycle. Such periods constitute the 
nearest approach which we have encountered during the present experiments 
to stoppage of the ventricles as' described by Erlanger and Hirschfelder. The 
longest intervals of ‘ stoppage ’ were of about 2 seconds’ duration. 

When 2 : 1 heart-block has been established as a result of asphyxia, a tachy- 
cardia arising in the auricle varies in the effect according to the rate of such 
tachycardia and according to the duration of the 2 : 1 phase. Thus in the early 
stages of 2 : 1 asphyxial heart-block an increase of auricular rate may actually 
lead to an increase of ventricular rate with a maintenance of 2:1 rhythm 
(Fig. 5). This fact does not necessarily signify the absence of an increased 
obstruction to the passage of auricular impulses at such times. The phenomenon 
is not observed during the later stages of a 2 : 1 rhythm, for at such times the 
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2 : 1 phase gives place to higher grades of heart-block. Variation in the results 
in the earlier and later stages of 2 : 1 heart-block meets with an obvious explana- 
tion. During the vrhole of the asphyxial experiment, the grade of the heai-t- 
hlock is increasing, although the increase is only conspicuous at the beginning 
and at the termination of the 2 : 1 phase. During the early stages of the 2 ; 1 
phase the junctional tissues are capable of transmitting impulses at a faster rate 
than they are actually called upon to do, whereas towards the end of the 2 ; 1 
stage they are transmitting impulses at the maximal rate. 

A 2 ; 1 heart-block, when fully established, may be converted by amicular 
tachycardia into 3 : 1, 4 ; 1, or complete heart-block ; in the last instance, with or 
without the interpolation of cycles of partial heart-block of higher grades 
(Fig. 4), At the cessation of stimulation a partial over-recovery is observed, 
i, e. a temporary return to a lower grade of heart-block than that which pre- 
vailed before the stimulation. For example, we have observed a 2:1 block 
converted by an auricular tachycardia to successive cycles of 6 : 1, 3 : 1, 4:1 
block ; while on cessation of the auricular tachycardia one cycle of 2 : 1 block 
occurred and was followed by three 1 : 1 cycles, accompanied by a prolonged P-R 
interval. At a later period there was a return to a persistent 2 : 1 rhythm. 

A phenomenon which we have not uncommonly encountered in decapitated 
cats, and for which we can offer no explanation, may bo observed at the termina- 
tion of auricular tachycardia induced during a stage of asphyxial heart-block. 
The whole heart may stand still for prolonged periods. There is eventual 
recovery. The periods of stand-still of the heart have extended through varying 
intervals up to three seconds. They may occur during the stages of prolonged 
P-R interval, or 2 : 1 heart-block (Fig. 3). 


The, Effects of Induced Ventncular Beats upon Auriculo -Ventricular and 
Ventriculo- Auricular Condxiction. 

The effect of single excitations, applied to the ventricle, is variable from 
animal to animal, but is most pronounced where a considerable grade of heari- 
block is present; for example, a single premature beat, falling just before an 
expected response of ventricle to auricle during a 2 : 1 heart-block stage, hinders 
this response and the response to the succeeding auricular impulse. That is to 
say, the single premature beat replaces the usual ventricular beat, which is 
a response to one of the alternate auricular impulses. Even though the prema- 
ture ventricular contraction falls earlier in a 2 : 1 cycle, so that the succeeding 
auricular impulse falls clear of the refractoi’y period, the same events occur; 
there is an absence of response, both to this and the succeeding amicular impulse 
(cp. Erlanger’s experiments upon compression heart-block). 

A further exaggeration of this phenomenon is shown in Fig. 6. A single 
premature ventricular beat occurring during a 2 : 1 heart-block phase produces 
an absence of response to three auricular contractions, and the first ventricular 
beat is apparently ideo-ventricular in origin. 
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The effect of successive ventricular beats is often more pronounced. Induced 
ventricular tachycardia during the prolonged P-R stage may result in a tem- 
porary further prolongation of the P-R interval or in a temporary 2 : 1 heart- 
block at the cessation of stimulation. Again, the effect of a similar ventricular 
tachycardia during a period of 2 : 1 heart-block is manifested by the production 
of short periods of increased block at the termination of such tachycardia. This 
increased block may be a 3:1 heart-block, a 4 : 1 heart-block, or on rare 
occasions complete heart-block, lasting for a few cycles ; each is followed by 
the reappearance of the original 2:1 rhythm which preceded stimulation 
(Fig. 7, A, B, and G). 

In all these experiments it is noticeable that the degree of enhanced heart- 
block is largely dependent upon the length of the induced ventricular tachy- 
cardia. With short periods there may be no increase of the block, with longer 
periods it is almost invariable, and usually the block reaches a high grade. 

It is obvious that induced ventricular beats have a distinct influence 
on the conduction of impulses from auricle to ventricle, when this conduction 
is primarily impaired by asphyxia. In none of the control experiments has 
there been any influence of this nature, so long as the P-R was of normal 
duration. 

The question arises as to how this increase of heart-block as a result of 
induced ventricular beats is produced. The increase is in no way attributable 
to the steady progression of the grade of heart-block occurring during the 
asphyxial experiments. The temporary enhancement of heart-block gives place 
to a return to the original degree present directly prior to stimulation, in the 
great majority of the experiments. 

In considering this question the effect of induced ventricular tachycardia 
upon the retrogression of impulses to the auricle is of importance. Successive 
and induced ventricular beats, following each other regularly and at a rate more 
than sufficient to outpace the normal auricular impulse formation, retrogress in 
control experiments from the third to the twenty-seventh cycle (usually between 
the fifth and the twelfth cycle). On the other hand, a prolongation of the P-R 
interval from, say, 0-08 sec. to 0-14 sec. absolutely prevents the occurrence of 
retrograde contraction. The same applies of course to higher grades of heart- 
block, i.e. 2 : 1 heart-block, 3 : 1 block, &e. (Fig. 7). 

In brief, ventricular tachycardias occurring during the stage of heart-block 
are never retrograde ; yet these same tachycardias bring about a striking increase 
in the degree of heart-block originaUy present (Fig. 7). The increase of heart- 
block, therefore, cannot be rationally attributed to fatigue of the A-V bundle 
as a result of its possible contraction in response to the impulses of the induced 
ventricular beats, for we have evidence that the upper portions of the junctional 
tissues are not affected by these tachycardias. It seems probable that the 
increased grade of heart-block is the result of fatigue of the lowest levels of 
the junctional tissues, perhaps of the arborizations of the main branches of the 
bundle. The actual level of the fatigue cannot be fixed. 
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The Effects of Vagus Stimulation upon partial Heart-Block. 

In their clamp experiments, Erlanger and Hirschfelder state that stimula- 
tion of the vagus during periods of partial heart-block is not accompanied by an 
increase in the grade of the block. At a later date Erlanger writes, ‘ Stimulation 
of the vagus nerve sometimes causes a block to develop at the auriculo- 
ventricular junction of the normal heart. But on the other hand, stimulation 
of this nerve during partial heart-block may remove, or diminish the intensity 
of, the block.’ 

We have investigated the effects of vagal stimulation upon the partial 
heart-block of asphyxia, and find that the effect is very definite. The essential 
difficulty experienced by Erlanger lay in the fact that with the stimulation of 
the inhibitory nerves, the resultant slowing of the auricle complicated the 
reading, and rendered it difficult to ascertain the actual degree of change which 
occurred in the facility with which the impulses were transmitted. In the 
present experiments this difficulty has been obviated by maintaining a constant 
auricular rate with interrupted induced shocks. It is necessary to use a 
relatively high strength of current, for, during the heart-block stage and more 
especially during the period of vagal stimulation, the excitability of the auricle 
is markedly depressed. The actual electrical shocks consequently often appear 
upon the curves (Fig. 9). Stimulation of the vagus during the period when the 
P-R interval is prolonged produces a high grade of partial heart-block (Fig. 8). 
The same applies to stimulation during 2 : 1 phases of heart-block. The effect 
is almost immediate (Fig. 9). The next anticipated response of the ventricle is 
missed, and as a rule there is no further response until several auricular cycles 
have passed, subsequent to the termination of the vagal stimulation. The 
recovery is rapid, and usually that grade of heart-block appears which was 
present before the excitation of the vagus. On some occasions an over-recovery 
has been noted. 


Summary. 

The results of this investigation may be briefly stated as follows : — An 
increase of auricular rate during the heart-block caused by asphyxia increases 
the grade of heart-block. The observation is parallel with that made by 
Erlanger and Hirschfelder in then- clamp experiments. 

Single premature ventricular beats and ventricular tachycardias likewise 
produce an increase in the grade of a preceding asphyxial heart-block, but we 
find the increase to be more pronounced than Erlanger has stated it to be in his 
clamp experiments. A single premature ventricular contraction occurring just 
antecedent to an expected ventricular response may lead to a failure of three or 
more ventricular responses to auricle. Tachycardias of ventricular origin are 
usually succeeded by marked grades of increased block. 

The increase in the degree of heai’t-block following single ventricular beats 
or ventricular tachycardia is brought about independently of the retrogression 
of the ventricular impulses to the auricle. 
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The heart-block of asphyxia reacts to certain interfering factors, such as 
auricular and ventricular tachycardia, in a similar manner to the heart-block 
produced by compression of the auriculo-ventricular bundle. 

The partial heart-block of asphyxia is enhanced by stimulation of the 
vagus. 
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DESCRIPTION OF FIGURES. 

9 

Plate 23, Fiu. 1. ( x ^ linear.) Cat XVI. Intact, chloroformed, and curarized. Vagi cut. 
y«5 

An electrocardiographic curve, taken 1 min. 25 sec. after the onset of asphyxia, and at the end of 
a period of interrupted stimulation of the auricle. Before the onset of stimulation the P-R 
interval was of the same duration as that shown at the end of this figure ; it was slightly 
prolonged. During the tachycardia it shows progressive increase, so that the auricular systole 
falls back further and further upon the preceding ventricular systole. In the terminal phases 
of stimulation, three responses are missed. At the actual cessation of stimulation, recovery is 
manifest. In this as in all the succeeding figures, the upper line represents the signal of 
induction shocks ; the second line, sec. ; the third, the electrocardiograms. 

g 

Fig. 2. ( x =- 5 -^ linear.) Cat XIX. Decapitated cat. 1 min. 45 sec. after the onset or 
Id'O 

asphyxia. A curve taken during the phase of prolongation of the P-R interval and showing 
the effect of interrupted induction shocks thrown into the auricular tissue. The prolonged 
P-R inteiTal shows a further increase in the early phases of stimulation, and at the point 
marked in the curve passes into a 2 : 1 rhythm ; at a further point marked in the cim’e 
dissociation appears. Complete recovery to a slightly prolonged P-R follows the cessation of 
stimulation. 

g 

Fig. 3. ( x linear.) A curve taken from the same animal some 40 sec. later. The 

auricle was stimulated during the prolonged P-R stage. The induction shocks produced a high 
grade of partial heart-block, and at their cessation a long period of 2 sec. occurred, during 
which the whole heart stood still. Complete recoveiy is shown in the last three cycles of this 
tracing. Such stoppage of the whole heart is but an occasional event. 


Fig. 4. 


( X linear.) 


Cat XVI. 


Intact, chloroformed, and curarized. 


Vagi cut. 


A record taken 1 min. 55 sec. later than Fig. 1 and from the same animal. The stimulation, 
during 2 : 1 heart-block, preceded the record and is not shown ; the effects are manifested 
up to a point where the second ventricular beat occui’s. The first and probably the second 
ventricular beats are ideo-ventricular. The last three cycles belong to a 2 : 1 period. The first 
two ventricular beats are considered ideo-ventricular on account of the variation in the 
shape of the ventricular complexes. 


Plate 24, Fig. 5. Cat XVI. Intact, chloroformed, and curarized. Vagi cut. 1 min. and 
40 sec. after the onset of asphyxia. A curve taken during the earliest period of a phase of 
2 : 1 heart-block, and showing the effect of a slight increase in the rate of the auricle, as a result of 
interrupted induction shocks applied to it. ’iVhere the 2 : 1 heart-block has been of but short 
duration, such slight increases of rate may not increase the apparent grade of heart-block, 
but may actually increase the ventricular rate, as in this instance. It does not necessarily 
follow that the grade of heart-block is decreased ; there is every reason to believe that it may 
be increased at such times. 
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Fig. 6 . (x linear.) Cat XIII. Intact, cMoroformed, and curarized. Vagi not divided. 

An electrocardiogram taken 1 min. 50 sec. after the beginning of asphyxiation, during the 
stage of 2 : 1 heart-block. The accompanying curve shows two cycles of the 2 : 1 heart-block, 
and at a point marked by an asterisk a premature beat is excited in the right ventricle by 
means of a single induction shock ; the response to the excitation occurs at a point just 
jDreceding that at which the auricular contraction (PJ, to which a response is expected, falls. 
As a result of this abnormal ventricular contraction, the expected response of the ventricle to 
the succeeding auricular contraction is missed, and two additional auricular contractions, Pj 
and P 4 , take place without response. The first ventricular contraction is an escaped beat and 
it falls directly after P^. There is no response to Pc, but there is to P^ ; 2:1 rhythm is resumed. 
The effect of the induced ventricular contraction upon, conduction is marked; it is more 
marked than usual, for in most instances a response of the ventricle would occur to P^ or P 3 . 

9 

Fig. 7. (xjj- linear.) Cat XXL Decapitated cat. An electrocardiogram taken during 

a stage of 2 : 1 heart-block, and showing the effect of an induced ventricular tachycardia upon 
the transmission of impulses from auricle to ventricle. The'first of the successive excitations 
falls in the refractory period of the ventricle; the second and third are effective and are 
shown in the first strip (7 A). The ventricular tachycardia is continued from this point through 
twenty-three cycles ; the nineteenth to twenty-third cycles are shown in the second strip {7 B). 
It is to be observed that throughout the whole of this tachycardia stage the ventricular 
impulses are never retrogressive to the auricle. At the cessation of stimulation, two clear 
cycles of 4 : 1 rhythm are seen ; three additional cycles of the same kind are omitted. The 
subsequent return to 2 : 1 heart-block is shown in the third strip (7 C). The figure illustrates 
the increase of a pre-existing heart-block as a result of ventricular tachycardia, none of the 
contractions of which are transmitted to the auricle. 

Plate 25, Fig. 8 . Cat XXV. Intact, chloroformed, and curarized. Vagi intact. A curve taken 
during the stage in which the P-B interval is prolonged. An additional record, that of vagal 
stimulation, is seen in the uppermost line in this figure, and in Fig. 9. The auricle is respond- 
ing throughout to regular induction shocks ; its rate is therefore constant. The vagus was 
stimulated at the point marked by the arrow, and from this point onwards the ventricle 
fails to respond. 

Fig. 9. A similar curve from the same animal as Fig. 8 , showing the effect of vagal 
stimulation during a phase of 2 : 1 heart-block. The vagal stimulation commenced at the 
point marked by the arrow, and from this point onwards isolated auricular beats, Pj, Pj, P 5 , &c., 
continued. The vagal stimulation continued up to P 15 . The first response of the ventricle 
was seen at P 20 , the second at P 05 , the third at Pjg, and from this point 2 : 1 heart-block was 
maintained. 
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Introduction, 

Before comparing the clinical facts and analysis of the case of pseudo- 
chylous ascites detailed in Part I with those recorded by other writera, we have 
the good fortune to be able to present two more cases of milky ascites which 
have since come under our notice. The first comes from a female patient at the 
Great Northern Hospital, London, admitted under the care of Dr. Horder, and the 
second from a man under the care of Dr. John Cowan at the Koyal Infirmary, 
Glasgow. Our best thanks are due to these gentlemen for allowing us to 
publish the cases. 


Abstract of Clinical Notes of Patient. 

Case IT. M. S., female, aged 43 years, married. Admitted to the Great 
Northern Hospital on April 8, 1909, under the care of Dr. Horder, suffering 
from swelling of the lower extremities and abdomen. 

Past History. Always healthy until fifteen years ago, when she suffered 
from white leg after her last confihement. Both legs appear to have been 
affected. Since then she has always had a certain degree of swelling of the 
lower extremities. October, 1908, the lower extremities became more swoUen, 

* Part I was published in this Journal, vol. iii, 1910, p. 301. 

IQ. J. M., Jan., ign.] L* 
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and in December the abdomen was involved. There was no pain, cough, or 
shortness of breath. The abdomen was first tapped in March, 1909, before 
admission, and a large quantity of milky fluid withdrawn which reaccumulated, 
and caused her to come to the hospital for treatment. Present Condition. 
Pale woman, fairly nourished. Oedema of the lower extremities and trunk up 
to the 8th dorsal spine. — Chest: Heart. Apex beat displaced upwards and to 
the left. Systolic pulsation in the suprasternal notch. Sounds natural. Lungs 
normal, except for evidence of oedema at both bases. Abdomen. Circumference 
46 inches at the umbilicus : uniformly distended, ascites present : veins round 
the umbilicus prominent. UHne. Diminished in volume, sp. gr. 10'25, acid, 
cloud of albumin: no sugai', large quantity of urates. April 15, tapped 
19-75 pints of milky fluid (received by us next day). 

Characters at the time of tapping, supplied by Dr. E. H. Shaw, to whom 
we wish to express our thanks. Sp. gr. 1-012 ; alkaline. Microscopically many 
fine granules which do not stain with Sudan III. A few polymorphonuclear 
cells and lymphocytes. No parasites or bacteria. Cultures sterile. April 27, 
tapped again, 19-5 pints (11 litres) : abdominal examination showed the liver to 
be palpable two inches below the costal margin, surface smooth. No growth or 
induration felt in the abdomen. Tuberculin test negative. May 15, tapped 
again, 15 pints removed : the fluid seems thinner than on the previous occasion. 
Temperature subnormal since admission. Left hospital on May 27. No definite 
clinical diagnosis could be made. 


General Characters of Fluid Ho. 3 (April 27, 1909), 

The fluid was yellowish white, opaque, odomless, and of a homogeneous 
character. On standing, it showed no traces of a creamy layer, and only a slight 
deposit could be detected at the bottom of the flask. The fluid did not change 
in colour or appearance even after standing for several months, and there 
was no evidence of any putrefactive change taking place. The specific gravity 
was 1-012 and the reaction to litmus was alkaline. Under the microscope the 
fluid showed evident refractile fat globules of various sizes, and red blood 
corpuscles, also some leucocytes (lymphocytes). 

Repeated filtration through filter paper did not clear the fluid, but filtration 
through a Pasteur candle resulted in a clear amber-coloured liquid. Centri- 
fugalization for an hour at 4,000 revolutions per minute produced no apparent 
change in the opacity of the fluid, though a slight deposit settled at the bottom 
of the tube, and a dense cream collected on the surface. The addition of ether 
did not clear the fluid but rather rendered it more opaque : the previous addition 
of alkali produced a slight reduction of the opalescence. The progressive 
addition of alkali tended at first to increase the viscosity of the fluid, until 
finally a condition was reached in which two layers separated out — an upper, 
semi-solid and opaque in character, and a lower, clear, colourless, and transparent. 
Chloroform increased the turbidity. 


Chemical Characters. 


A. Qualitative. 

(i) Proteins. Boiling produced a slight coagulum, and the addition of 
acetic acid a dense precipitate which filtered with difficulty. Adding an equal 
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bulk of alcohol led to the formation of a precipitate which on filtration yielded 
an opalescent fluid, and this on standing showed a fatty scum. Boiling with 
alcohol in excess gave on filtration a clear fluid which yielded no protein 
reactions, showing thereby that the total removal of these substances had caused 
the disappearance of the milky character. Treatment with trichloracetic acid 
and boiling gave a dense precipitate and a clear filtrate. The precipitates 
obtained by the two preceding methods were quite insoluble, and therefore 
indicated the presence of coagulable proteins. Half-saturation with (NH 4 ) 2 S 04 
or full saturation with MgSO^ resulted in the production of a dense white 
precipitate and a very faintly opalescent filtrate, which on full saturation with 
(NH 4 ) 2 SO.j yielded a perfectly clear filtrate. The opalescent character of the 
first alcohol filtrate and also the filtrate from half-saturation with (NHJoSO^ 
was found to be due, not to the serum albumin present, but to a mucinoid 
substance. The original solution and also the above-mentioned filtrates all 
gave a partial reduction of Fehling’s solution, and also all the characteristic 
tests for mucinoid, and after removal of this substance the filtrate no longer 
gave the reduction with Fehling’s solution or the usual protein reactions. The 
fluid showed only traces of fibrinogen according to Hammarsten’s method, and 
this substance gave only a very slight turbidity when treated with fibrin ferment 
prepared from blood plasma. Digestion experiments showed the absence of any 
purin bodies, and hence the fluid was free from nucleo-proteins. 

(ii) Fats, lecithin, and cholesterin. The demonstration of the presence of 
fat was difficult owing to the anomalous behaviour of the milky fluid when 
treated with ether. Extraction with ether extending over several weeks led to 
the formation of two distinct layers — an upper dense white creamy layer which 
was almost semi-solid, and a lower turbid yellow layer. The creamy layer 
contained the fat, lecithin, and protein as shown by qualitative tests. The fat 
present could not be extracted in the presence of these substances, so that 
another procedure was necessary. The precipitate obtained by boiling with 
alcohol was collected and repeatedly extracted with boiling alcohol. The 
original filtrate and the alcohol washings were evaporated dovm to a small bulk 
and then extracted with ether. The ether extract was treated with acetone and 
gave a white deposit of lecithin which was removed. The resulting filtrate was 
evaporated to dryness and yielded a brownish yellow oily mass which set to 
a solid at about 30° C. and melted at 40° C. This residue for the greater part 
consisted of neutral fat, non-crystalline, and with a melting-point of {circa) 38° C. 
There were also traces of free fatty acids present. The residue was tested for 
cholesterin with a negative result. 

(iii) Carhokydrates. Application of the usual sugar tests, both to the 
original fluid and also to the fluid after removal of the proteins, gave negative 
results, the partial reduction of Fehling’s solution being due to the presence of 
mucinoid material. 

(iv) Other Organic Substances. The presence of urea in the fluid was 
demonstrated after the proteins had been removed by trichloracetic acid, the 
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slight effervescence with sodium hypobromite revealing only traces of this 
substance. Uric acid, bile pigments, and bile acids were absent, as also were 
glycogen, creatin, creatinin, and amino acids. The biuret test for albumoses and 
peptones gave a negative result. 

(v) Inorganic salts. Chlorides, phosphates, sulphates, sodium, potassium, 
calcium, magnesium, and traces of iron were detected. 

(vi) Ferments. Proteolytic ferments and amylolytic ferments were found 
to be absent, but the fluid contained a lipase. 

B. Quantitative. 

(i) The total sobda calculated on 50 cubic centimetres of the fluid gave 
a figm-e of 2422 grammes, and therefore 4-844: grammes per cent. The residue 
was of a dark grey colour, having an odour of burnt fat. The ash residue on 
incineration yielded a figure of 0-366 gramme or 0-732 gramme per cent. 

(ii) The degree of alkalinity, using methyl orange as an indicator and 
N 

■^HgSO^, was 0-177 per cent, in terms of NaOH. 

(iii) The total protein content was 2-058 grammes per cent., as detm’mined 
by precipitation with alcohol, and repeated washing with hot alcohol, drying, and 
weighing. The residue obtained by boiling 60 cubic centimetres with trichloracetic 
acid gave a figure of 1-121 grammes or 2-242 grammes per cent. This residue 
was further treated with hot alcohol, and then dried and weighed, and now gave 
1-029 grammes or 2-058 grammes per cent. Therefore the alcohol had removed 
0-184 gi’amme per cent, from the residue precipitated by trichloracetic acid, 
which may represent part of the lecithin and fat. The residue insoluble in alcohol 
was decomposed with fusion mixture and still gave a phosphorus reaction. 

Precipitation by ammonium sulphate. 200 cubic centimetres of the fluid 
were treated with an equal bulk of a saturated solution of (NH 4 ) 2 S 04 , shaken 
and allowed to stand for twenty-four hours. A dense white precipitate separated 
in the form of a creamy layer on the surface and the lower layer was slightly 
opalescent. The precipitate was separated by filtration and suspended in water, 
giving a strongly opalescent solution. This suspension entirely cleared when 
reprecipitated with ammonium sulphate, and gave an opalescent solution on 
re-solution. By repeated precipitation and re-solution a white residue was 
obtained which only partially dissolved in dilute saline solutions, and in 
appearance resembled the opacity of the original fluid. The white residue gave 
on fusion a well-marked phosphorus reaction. The remaining portion of the 
residue was treated with hot alcohol until the residue no longer gave a phos- 
phorus reaction. From the alcohol washings a residuum was obtained which 
gave the test for phosphorus, and when treated wuth barium hydrate and 
evaporated to small bulk yielded an alcoholic exfract which contained choline. 
The choline was isolated as the crystalline platinum salt. The presence of 
lecithin in this residue was thus demonstrated, and by treatment with hot alcohol 
it could be removed, leaving the residue entirely phosphorus free. The serum 
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globulin, estimated quantitatively after precipitation with (NH^)„S04 and 
extraction with alcohol, amounted to 0-693 gi'amme per cent. 

After removal of the serum globulin the opalescent filtrate was fullj’^ 
saturated with (NH4)2S04, and the resulting precipitate suspended in distilled 
water. The solution was opalescent, but the addition of acetic acid served com- 
pletely to remove the opalescence, and a very fine flocculent precipitate was 
noted. This precipitate was with diflSculty removed, and gave on anal3'sis 
a reduction of Fehling’s solution, and proved to be mucinoid. The filtrate after 
removal of the mucinoid gave a coagulum on boiling which, when dried and 
weighed, amounted to 1-296 gi'ammes per cent. The serum globulin content of 
the fluid was 0-693 gramme and the serum albumin content 1-296 grammes ; the 
ratio of albumin to globulin is therefore as 1-86 : 1. The remaining protein, con- 
sisting of the mucinoid substance present, was 0-069 gramme by difference, a figure 
which curiously enough was identical with that recorded in the table for pseudo- 
chylous fluid No. 2 {vide Part I). The figure for the total nitrogen was 0-462 
gramme per cent., and for the residual nitrogen was 0-011 gramme per cent. 
Arising out of the quantitative estimation of the different proteins the following 
observations are of considerable interest. A poHion of the original milky fluid 
filtered through a Pasteur candle resulted in a clear filtrate which in appearance 
resembled ordinary ascitic fluid, which gave the following reactions : — 

The addition of alcohol or acetic acid yielded precipitates on boiling ; but 
half-saturation with (NH4)2S04 gave no precipitate. Acetic acid alone gave no 
precipitate, and there was no reduction of Fehling’s solution, showing the absence 
of the mucinoid substance. The protein present gave all the characteristic 
reactions for serum albumin. The total nitrogen content of this filtrate was 
0-2184 gramme per cent., which includes the residual nitrogen with the albumin 
nitrogen. The I'esidue on the candle was extracted with water, and the resulting 
suspension was phosphorus free. The material remaining on the candle was 
now repeatedly treated with hot alcohol, and the washings showed the presence 
of a white precipitate. This was isolated, and gave the faintest traces of 
phosphorus. The alcohol filtrate was evaporated to dryness and showed tlie 
presence of lecithin. The residue on the candle therefore consisted of the 
globulin, the mucinoid, the fat and the lecithin, and the mechanical removal 
of these substances was associated with the disappearance of the opalescence. 

Fat and lecithin. For extraction of these substances 250 cubic centimetres 
were treated with ether and shaken repeatedly for several days. The fluid 
showed at the end of this period a marked clearing owing to the separation 
of a dense creamy upper layer. The lower stratum was quite fluid, and of 
a yellowish colour, with a slightly opalescent appearance. This was separated, 
and found to measure {circa) 210 cubic centimetres. Extraction of this fluid 
with ether gave a negative result, and the fluid was unaltered in appeainnce. 
Evaporation to drjmess at 100° C. gave a figure for the total solids of 2-240 
grammes per cent, and this on incineration gave 0-720 gramme of ash. Since 
the total solids amount to 4-844 grammes per cent., and the ash of this to 0-732 
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gramme, by difference the creamy layer contained 3"604 grammes of solids, with 
an ash figure of 0-012 gramme. The fluid portion on analysis was found to 
contain the serum albumin, and only traces of serum globulin, but no mucinoid 
material or fat. The semi-solid creamy layer was then extracted with hot ether 
for several days, and the residue was found to contain serum globulin and 
mucinoid material. For the estimation of the fat and lecithin the original fluid 
was extracted with strong alcohol, and the alcoholic extract evaporated to 
a small bulk, and then treated with ether. The ether extract so obtained gave 
a deposit when treated with acetone, which weighed 0-360 gramme per cent., 
and was identified as lecithin. This residue was treated according to Neumann’s 
method as modified by Bayliss and Plimmei’, and yielded 0-00319 gramme RgOg, 
and this is equal to 0-00139 gramme of phosphorus. The lecithin present in this 
fluid was undoubtedly distearyl-lecithin. The ether acetone extract remaining 
after removal of the lecithin was evapoi*ated to dryness on a water bath, and 
weighed 1-501 grammes per cent., which was the total amount of fat present 
in the fluid, since cholesterin or cholestei-in esters were absent. 

Inorganic salts. The quantitative analysis was carried out in two ways. 

(i) The ash obtained from 100 cubic centimetres of the fluid was dissolved 
in distilled water, and made up to 100 cubic centimetres. The solution so 
obtained was alkaline in reaction, and the degree of alkalinity expressed in 
N 

terms of j^H2S04 was 18-0 per cent. The solution of the ash (0-732 gramme) 

gave on analysis 0-580 gramme of chlorides (estimated as sodium chloride), 

0- 036 gramme of P2O5, and 0-003 gramme of SO3. 

(ii) 200 cubic centimetres of the original fluid were placed in a sausage 
dialyser, and immersed in 400 cubic centimetres of pure distilled water. The 
dialyser was kept in continuous motion for several hours, and at a constant 
temperature of 12° C., and at the end of the experiment the volumes of the fluids 
had not appreciably changed. The dialysed residue was very opalescent, but on 
standing a white precipitate settled out as a creamy layer with a considerable 
reduction in the opalescence. The reaction of the residual fluid was alkaline to 

N 

litmus, and the alkalinity corresponded to 9 per cent. Specific gravity 

1- 009. The total solids amounted to 3-184 grammes per cent., and this gave an 
ash figure of 0'126 gramme. The ash soluble in water was 0-116 gramme, 
leaving an insoluble ash figure of 0-010 gramme. The soluble ash proved on 
analysis to contain 0-102 gramme per cent, of chlorides and 0-009 gramme of 
PgOj. The insoluble ash gave an SO3 figure of 0-001 gramme per cent. 

The dialysate was quite clear, and showed no traces of protein. The specific 
gi'avity was 1-0025, and the reaction alkaline. The alkalinity corresponded to 
N 

9 per cent. ^HoSO^. On analysis the dialysate was found to contain 0-476 
gramme of chlorides, 0-0304 gramme PoO^, and 0-001 gramme SO3 per cent. 
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Physico-chemical Characters of the Fluid. 

The acid binding power of the fluid was determined in the following way. 

. N 

50. cubic centimetres of the fluid required 20-7 cubic centimetres of :r-HoSO, for 

10 ^ 

neutralization when methyl orange was used as an indicator. A known quantity 

N 

of standard acid was then added, and the total titrated with — NaOH until 

neutrality was again reached. It was then found that 0-8 c.c. of the acid 
had combined with the protein present, and this figure compares very favourably 
with that obtained for serum. 

, The fluid was exposed to radium rays, as in the previous fluids examined 
(vide Part I), for forty-eight hours, and a white deposit was noted with con- 
siderable clearing of the fluid. The milkiness of the fluid, however, was not 
entirely removed, and the opacity was comparable to the fluid after dialysis. 

The freezing-point determination, using Beckmann’s apparatus, gave an 
average depression of 0-56° G. (Ascitic fluid figure was 0-59° C.) 


Abstract of the Clinical Notes of Patient from whom Fluid No. 4 

wees obtained. 

Case III. R. C., male, aged 61. Admitted, March 3, 1910, to the Glasgow 
Royal Infiiinary under the care of Dr. John Cowan, suffering from swelling of 
the legs and abdomen. 

History of the 'present illness. -About twelve months ago the patient 
noticed that he passed an increased amount of urine. He had no headache, 
sickness, or constipation. About five weeks ago his hands and arms became 
swollen, but this passed off in a week or so. Soon after the legs began to swell 
and later the scrotum and abdomen, and the patient was confined to his bed. 
There was shortness of breath and orthopnoea. Past Illness. Always healthy 
except for an illness he had twelve years before, when he was off work for twelve 
months. He then sufiered from pain in the abdomen, and the complaint 
terminated with the formation of an abscess, which ruptured anteriorly in the 
left hypochondriac I'egion, healed slowly, and left a painless indurated scar. 
Present condition. Well-built man, poorly nourished, feeble muscular develop- 
ment. There was a well-marked ' oedema of the lower extremities and tninlc 
Temp. 98-0'’F. Circulato'i'y System. Pulse 70, tension high (170 mm.). Regular 
Heart, Left ventricle hypertrophied. No murmurs. Aortic sound intoned. 
Respiratory System. Respirations 20 per minute : bubbling rales all over the 
back, and deficient air entry at the right base. TImnary System. March 2, 
Sp. gr, 1-025. Reaction acid. Smoky colour. Lai-ge quantity of albumin, 
6 per cent. CeRular and granular casts. No sugar, Wle, or indican. May 11, 

N 

Sp. gr. 1-008. Acidity 23-2 per cent, NaOH. Albumin 0-2 per cent. Chlorides 

0-47 per cent. Phosphates 0-075 per cent. 

After admission the patient improved, the urinary output was increased, and 
the oedema lessened. The ascitic fluid removed on March 14 was oentrifugalized, 
and showed on microscopical examination a deposit consisting mainly of 
degenerated mononuclear ceRs and a few red cells. Differential count made 
from stained films (Dr. A. W. Hanington) reads as follows : —Lymphocjdes 
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51 per cent. Large mononuclear 42 per cent. Endothelial cells 6 per cent. 
Polymorphonuclear 1 per cent. 

The blood serum of the patient was quite clear. The Wassermann reaction 
was negative. In May the patient suffered from catarrh of the chest, diarrhoea 
and increased haematuria, but recovered. The ascites, however, had to be tapped 
frequently, on which occasions the liver on palpation appeared harder than 
normal, though it was impossible to recognize any alteration in the size of the 
organ. During June the patient improved considerably, and finally left the 
Institution on July 30, 1910. A provisional diagnosis of cirrhosis of the liver 
was made. 


General Gharacters of Fluid No. 4 (April 5 and 9). 

A white milky fluid in appearance resembling the fluid No. 1, described in 
Part I of this paper, with the possible difference that it was not quite so opaque. 
On standing a very scanty deposit separated out, and there was only the merest 
trace of a creamy layer on the sui-faee. The fluid, however, when stored for some 
time, cleared partially, the process resembling the gradual settling of a fine 
suspension of china clay. Chloroform was added as a preservative, and the fluid 
kept perfectly fresh for several months. The specific gravity of the fluid was 
1*008, and the reaction to litmus alkaline. Under the microscope the fluid 
showed no evident fat globules, and resembled in every particular fluid No. 1 
described in the previous communication. Filtration through filter paper did 
not clear the fluid, but when passed through a Pasteur candle a clear, almost 
colourless filtrate was obtained. Oentrifugalized the fluid became quite clear, 
and a dense white precipitate had settled at the bottom of the tube, with the 
merest trace of a cream upon the surface. Treatment of the fluid with ether did 
not alter the opalescence, but the previous addition of caustic potash rendered 
the fluid perfectly transparent. Chloroform tended to increase the opalescence. 


Chemical Characters. 

A. Qualitative. 

(i) Proteins. Boiling produced no coagulation, but on acidification with 
acetic acid a white flocculent precipitate settled down, leaving the supernatant 
fluid quite clear. Addition of alcohol, picric acid, alkaloidal reagents, and 
other protein precipitating reagents had a similar effect. Glacial acetic acid 
and caustic soda both removed the opacity of the fluid, and with the latter 
reagent the fluid became reddish brown. The original fluid gave all the protein 
colour reactions. 

The precipitates obtained by heating the fluid with an excess of alcohol, 
and also by trichloracetic acid, were quite insoluble in water, and the filtrates 
in both eases quite free from proteins, albumoses, or peptones. Half-saturation 
with (NH^) 2 S 04 or satui’ation with Mg SO^ resulted in the deposition of a white 
precipitate, leaving the fluid quite clear and colourless. The residue was 
only partially soluble in dilute saline solutions and gave a well-marked 
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phosphorus reaction. The clear filtrate contained a coagulable protein, which 
could be separated by full saturation with (NH 4 } 2 S 04 , and behaved in every 
way similar to serum albumin. It contained no phosphorus, and was soluble 
in water. When large , quantities of the fluid were taken traces of mucinoid 
could be separated, and its presence in such small quantities had no effect on 
the opalescence of the fluid. Neither fibrinogen nor nucleo-proteins were 
present. 

(ii) Fats ami lecithin. Extraction of the fluid with ether for several days 
resulted in a very slight clearing of the fluid, a white precipitate accumulating 
at the junction of the two liquids. The removal of the ether extract left the 
fluid almost as opalescent as the original, and, further, the fluid showed no 
tendency to settle as in the ease of the original solution. The ether extract 
was evaporated to a small bulk, and then treated with acetone, the resulting 
waxy deposit being slightly pigmented, possibly owing to the presence of 
a small quantity of lipochrome in the fluid. The fat in solution was obtained 
in the form of a dark yellow oil when the ether-acetone solution was evapo- 
rated to dryness. From this oily residue on cooling a white solid fat with 
a melting-point of 44° C. separated. Cholesterin tests on the original fluid and 
also on the ether extract were negative. 

(iii) Carbohydrates. Testing the original fluid with Fehling’s solution 
gave a complete reduction. Positive results were also obtained with the 
Trommel', Moore, safranin, and sulphindigotate (Mulder) tests. The proteins 
were removed from the fluid by boiling with an ‘ excess of alcohol, and the 
alcoholic solution evaporated to dryness on a water bath. A watery extract 
of the alcohol residue gave all the tests for sugar. A portion of the extract was 
treated in the usual way for the preparation of osazone crystals, and a crystal- 
line deposit of yellow-coloured needles resembling dextrosazone recognized 
microscopically. In their solubility and melting-point they proved to be 
dextrosazone. It was found, however, that if the proteins were removed by 
simple precipitation with alcohol or trichloracetic acid, the protein-free solution 
gave negative tests for sugar. The same occurred when the fluid was passed 
through a Pasteur candle. 

(iv) Other oi'ganie substances. The same products as enumerated above, 
were absent, as also was urea. 

(v) Inorganic salts. Chlorides, phosphates, sulphates, sodium, potassium, 
calcium, magnesium, and traces of iron were present. 

(vi) Ferments. Testing by the methods already described, no evidence of 
ferments could be found in the fluid. 

B. Quantitative. 

(i) For the estimation of the total solids 100 cubic centimetres were 
taken, and yielded a yellowish white residue with a biscuit-like smell, which 
weighed 1-532 grammes. The ash residue from this gave a figure of 
0-775 gramme. 

[Q. J.M., Jan , igii.] 31 
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(ii) The alkalinity, using methyl-orange as an indicator and ^ H2SO4, -was 
0-156 per cent, in terms of NaOH. 

(iii) The total protein content Avas 0-5132 gramme per cent., as deter- 
mined by precipitation with hot alcohol, and repeated washing of the precipitate 
with hot alcohol. The precipitate after treatment with trichloracetic acid 
weighed 0-844 gramme and included the sugar, fat, and lecithin. The residue 
after repeated washing with alcohol was treated by the Ashoth-During method 
for organic sulphur, and gave on analysis 0-0288 gramme per cent, of organic 
SO3. The total ash from the coagulable proteins amounted to 0-1096 gramme 
per cent., and contained 0-002 gramme of P2O5. The ash-free protein content 
was therefore 0-4036 gramme per cent. 

Preci 2 ntation by ammonium sulphate. 500 cubic centimetres of the 
fluid were taken, and an equal bulk of saturated ammonium sulphate added. 
The white precipitate which resulted filtered quite readily, but was only very 
partially soluble in dilute saline solution. The washings were coUected together, 
and the soluble protein reprecipitated, dried, and weighed. The soluble globulin 
was quite free from lecithin, and amounted to 0-082 gramme per cent. The 
insoluble portion of the precipitate after repeated washings with distilled water 
was extracted with ether. The ether extract yielded a phosphorus-containing 
substance in very .small quantity. The residuum was, however-, found to he 
more soluble in dilute saline solution, and gave all the reactions of serum 
globulin. The most striking feature was its ready solubility in very small 
quantities of saline, and this after treatment with ether. The insolubility of the 
serum globulin in this fluid seems to be determined by its association with 
lipine material. The residue after extraction with ether weighed 0-2152 gramme 
per cent. The total globulin content was, therefore, 0-2972 gi-amme. The 
clear filtrate, after removal of the globulin and its associated lipine, was 
subjected to full saturation with ammonium sulphate, and gave a white pre- 
cipitate of serum albumin, which was soluble in water and coagulated on 
heating. When dried, it weighed 0-216 gramme per cent. The total nitrogen 
figure was 0-1316 gi-amme per cent. 

Fai and lecithin. 250 cubic centimetres were extracted with ether, and 
gave on analysis 0-0064 gramme per cent, of lecithin and 0-1004 gramme 
per cent, of fat. Extraction of the original fluid with hot alcohol yielded 
a clear filtrate, which gave a precipitate of lecithin weighing 0-0228 gramme 
per cent. This residue, on hydrolysis with barium hydrate, gave typical crystals 
of choline platinochloride. The total RgOg in the alcohol filtrate amounted to 
0-028 gi-amme per cent., this figure including the inorganic and also the 
organic phosphorus. The organic PoO^ as recorded above amounted to 
0-002 gi-amme, a figure agreeing with the calculated in ihe lecithin 

content of the fluid. The total lecithin present was, therei'oie. in association 
with the serum globulin, and ordinary ether extraction Avas able only to remove 
the merest trace, viz. 0-0064 gramme. Hot alcohol on tiie oth(.-r hand removed 
the lecithin, and left the serum-globulin phosphorus free. 
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Garhohydrates. The sugar present in the fluid was extracted with alcohol, 
and the alcoholic extract made up to a definite volume with distilled water. 
An estimation by Ling’s method revealed the presence of 0-196 gramme per 
cent, of sugar, and by Citron’s method 0-186 gramme per cent. After dialysis 
the dialysate was found to contain 0-087 gramme per cent, of sugar, showing 
that 0-109 gramme per cent, of the sugar was still in combination. 

Inorganic salts. The analysis was carried out quantitatively in three ways. 

(i) The ash from 100 cubic centimetres of the fluid was dissolved in 
distilled water, and made up to 100 cubic centimetres. 0-775 gramme of ash 
gave on analysis 0-71 gramme of chlorides estimated as sodium chloride, 
0-028 gramme of P2O5, 0-0029 gi'amme of SO3, 0-006 gramme of calcium as 
phosphate, and traces of iron. 

(ii) The proteins were removed from the fluid by an excess of boiling 
alcohol, and the alcoholic extract evaporated to dryness on a water bath. 
This residue gave on analysis 0-71 gramme of chlorides, 0-028 gramme of 
PgOg, and traces of sulphates. 

(iii) 200 cubic centimetres of the fluid were placed in a dialyser as above 
described, and surrounded by 400 cubic centimetres of distilled water. After 
twenty-four hours’ dialysis the fluid in tlie dialyser was found to be quite clear, 
and of a pale amber colom'. The white deposit which had separated out at the 
bottolu of the parchment tube proved on analysis to contain globulin and 
lecithin. It weighed 0-3136 gramme per cent. The clear supernatant ' fluid 
showed only traces of globulin, but contained serum albumin and a small 
quantity of sugar. The slightly opalescent dialysate measured appi'oximately 
380 cubic centimetres, was alkaline, and had a specific gravity of 1-004-. Tlie 

N 

alkalinity, using methyl-orange as an indicator and HgSO^, was 23 -2 per cent. 

The dialysate was free from proteins and lecithin. An analysis of the dialysate 
gave the following figures, which for convenience are calculated in percentages 
of the original solution, and consequently represent the constituents which are 
removable by dialysis : 0-0870 gramme of sugar, 0-56 gramme of chlorides, 
0-0240 gramme of P^Oj, sulphates in traces. A comparison of the analysis of 
this fluid with those recorded reveals the fact that the salts present were 
almost identical both in quantity and in the nature of their distribution in the 
two fluids. The most striking difference is the large quantity of chlorides in 
this fluid as compai'ed with the fluid No. 2 analysed in the previous paper. 


Physico-chemical Characters of the Fluid. 

In order to determine the relationship of the salts present to the proteins 
the following procedure was adopted. The original fluid when titrated with 
N 

— HoSO^, and using methyl-orange as an indicator of the neutrality point. 
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required JO-G cubic centimetres for 100 cubic centimetres of tbe fluid. To this 

N 

solution a known volume of H2SO4 was added, and then titrated back with 
N ' 

— NaOH. The. amount of alkali required for neutralization was noted, and it 

was found that 1-6 cubic centimetres of the acid were combined with the protein. 
The resulting fluid was now placed in a dialj^ser with an equal volume of 
distilled water surrounding it, and left for several hours. The fluid was now 

N 

alkaline and requii-ed 04 cubic centimetre of ^ HgSO^ for neutralization. The 

dialysate from 300 cubic centimetres of the original fluid required 23-3 cubic 
N 
10 - 


centimetres of ^112804, and the dialysed residue 17 cubic centimetres of 


N 

10 


B!,,SO.. The solution of the ash obtained from 100 cubic centimetres of the 


original fluid required 39 cubic centimetres of ^ H2SO4 with methyl-orange, 


and 17 cubic centimetres when 

phenol-phthalein 

was used as an indicator. 

Comparing the results obtained in this way with those of the fluids previously 

described we have : — 

N 

N 


^^2804 

^^2804 


Methyl-orange. 

Phenol-phthalein. 

Original fluid (No. 4j . 

. 40-6% 


» „ (No. 3) . . 

. 434% 

194% 

Dialysate ,, (No. 4) . 

. 23.3% 


(No. 3) . . 

. 36-0% 

9.9% 

Ash „ (No. 4) . 

. 39-0% 

17-0% 


The figures show very clearly the influence of the colloidal proteins on the 
alkalinity of the fluid as determined by the ordinary titration methods. 


DiscVySision of Results of Chemical Analysis of the Fluids Nos. 3 and 4. 

The fluids from Case 11 and from Case III show the same general 
characters. The fluid removed at subsequent tappings w^as always of a 
greater opacity, and contained more fat. The same observations as regards 
the general properties of these fluids bold as for those described in Part I of this 
paper. Filtration through a Pasteur candle entirely removed the opalescence, 
and in fluid No. 4 centrifugalization produced a similar effect. Of the proteins 
present, the serum globulin occurs in the fluid in association with lecithin. The 
lecithin can be removed b}’’ treatment with hot alcohol, but only with great 
difficulty when ether is substituted. The serum globulin with its associated 
lipine does not give the ordinary reactions for globulin, but when the lipine is 
removed by ether the solubiUty of the' globulin is very characteristic. The 
opalescence is entirely due to this complex in fluid No. 4, and almost entirely 
in fluid No. 3. The degree of opalescence depends upon the amount of globulin 
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lecithin present. Onlj’^ a very small quantity of globulin is free from lipine in 
fluid No. 4, and in fluid No. 3 the globulin is fully combined. v 

With the exception of the presence of mucinoid in N o. 3, the fluids are quite 
free from other proteins, e.g. nucleo-proteins, and also alhumoses and peptones. 
The presence of sugar in fluid No. 4 is of interest from the fact that in all the 
other fluids no traces could be found. This sugar is dextrose, and its presence 
is very significant. The clear filtrate after removal of the lecithin-globulin 
complex by passage through a Pasteur candle is quite free from sugar, as is the 
filtrate after precipitation of the proteins by trichloracetic acid. As a control 
experiment it was found that the dexti-ose present in blood serum behaves in 
a similar way. Ordinary ox-serum passed through a Pasteur candle shows no 
sugar in the filtrate, whereas the serum before treatment contains this sub- 
stance. This observation cannot be further discussed now, and will be dealt 
with at a future date. 

The fat in these fluids behaves in eveiy way like pathological fat, i. e. 
degeneration fat. In its melting-point and its physical and chemical properties 
it approaches the steaiic group of fats. 

We would again call attention to the power these fluids possess of resisting 
puti-efaction, and this is probably due to the presence of lecithin. The lecithin 
present is all in combination with the globulin in both the fluids, which renders 
this fact all the more sti-iking. The absence of cholesterin should also be noted. 
Of the nitrogenous extractives urea was demonstrated in the first fluid only, and 
then but traces were present. 

The two most important inorganic constituents as before were the chlorides 
and phosphates. In the case of the chlorides the second case showed a much 
larger quantity than the first ; in fact the bulk of the ash consisted of this salt. 
The quantity which was dialysable was proportionally veiy much smaller than 
in the fluids previously described. The phosphates in both fluids wei'e very 
similar in quantity and closely approximated the amounts in the previous 
analyses. 
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Table I. Shoioing Aomlysis of the Milky Fluids from Gases recorded in 

Paids I and II. 



Fluid No. 1, 10-5 
litres (Case I). 

FluidNo.2,11-36 
litres (Case I). 

Fluid No. 3,11-0 
litres (Case II). 

Fluid No. 4, several 
litres (Case III). 

Nature 

Milky ■white 

Dense milky 

Yellowish white 

Pale milky white 

Specific gravity . . 

1-010 

creams on 
standing 
1-012 

1-012 

1-008 

Degree of alkalinity 

0-152 %NaOH 

0-152%(approx.) 

0-177% 

0-156 % NaOH 

Depression of freez- 
ing-point . . . 

-0-59° C. 

-0-61° C. 

-0-56°C. 

-0-60° C. 

Total solids . . . 

2-520 

2-741 

4-844 

1-532 

Ash 

0-780 

0-780 

0-732 

0-775 

Proteins. Total . . 

0-652 

1-220 

2-058 

0-5132 

Serum albumin . . 


0-4901 n PI 
0-671 

1-296 1 j gnq 
0-693 

0-216 

Serum globulin . . 


0-2972 

Mucinoid .... 

traces 

0-069 

0-069 

traces 

Ratio of albumin to 
globulin .... 


1:1-8 

1-86:1 

1:1 

Total nitrogen . . 


0-490 (?) 

0-462 

0-1316 

Fat 

0-8140 

0-603 

1-501 

0-1004 

Lecithin .... 

0-274 

0-128 

0-360 

0-0228 

Cholesterin . . . 

absent 

absent 

absent 

absent 

Sugar 

absent 

absent 

absent 

0-196 (Ling’s method) 

Urea 

absent 

absent 

traces 

0-186(Citron’smethod) 

absent 

Chlorides. Total . 

0-603 

0-593 

0-580 

0-71 

Phosphates (PjOj). 
Total 


0-028 

0-036 

0-028 

Sulphates (SOg) . . 


0-0294 

0-002 

0.0029 

Calcium oxide . . 

0-025 

0-017 

0-002 

0-006 (CagPOJ 

Iron 

traces 

traces 

traces 

traces 

Diamines .... 

traces 

traces 

— 

— 

Creatin 

absent 

absent 

absent 

absent 

Creatinin .... 

absent 

absent 

absent 

absent 

Uric acid .... 

absent 

absent 

absent 

absent 


Table II. To illustrate the Condition of the Inorganic Constituents and 

Sugar in the Fluids, 


Fluid No. 2 (see Part I, p. 309). 



Ash. 

Alcohol Filtrate. 

Dial 3 ’sate. 

Total 

0-780 

0-492 


Chlorides 

0-593 

0-420 

0-589 

Chlorides, Free 


(0-420) 

(0-589) - 

Chlorides, Combined . . . 


(0-173) 

(0-004) 

Phosphates (PgOj). Total . 
Inorganic 

0-028 

0-028 

0-0195 

0-0195 

Organic 

Sulphates (SOg) 

Inorganic 

Organic 

CaO 

0-017 

(0-0096) 

(0-0085) 
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Table II {continiied). 

Fluid No. 3 (see p. 158). 

Ash. Alcohol Filtrate. Dialysate. 


Total 0.732 

Chlorides. Total .... 0-580 0-476 

Chlorides, Free 0-476 

Chlorides, Combined . . . 0-102 

Phosphates (P 2 O 5 ). Total . 0-0360 . . . 0-036 . . . 0-0304 

Inorganic 0-0304 

Organic (0-002) . . . 0-002 

Sulphates (SO3) 0-002 0-001 

Inorganic 0-001 

Organic 0-001 


Fluid No. 4 (see p. '163). 



Ash. 

Alcohol Filtrate. 

Dialysate. 

Total 

0-775 



Chlorides 

0-71 

. 0-71 . 

0-56 

Chlorides, Free 

0-56 



Chlorides, Combined . . . 

0-15 



Phosphates (P.JO 5 ). Total . 

0-028 . 

. 0-028 . 

0-024 

Inorganic 

0-0278 



Organic 

0-0022 



Sulphates (SO 3 ). Total . . 

0-029 



Inorganic 

( 0 - 001 ) 



Organic 

0-0288 . 

. 0-0288. 

. (below 0 - 001 ) 

Sugar 


jo-lSo}^® methods 

0-0870 


Hidorical. 

The appearance of a milky ascitic fluid is such a striking phenomenon that 
it could hardly escape notice, and it is therefore not surprising that records 
of cases are to be found in the older ■writers. That a milky effusion could occur 
as the result of trauma "was long known, but that such could also appear as the 
result of disease was first established by Morton (13), Vernage, and others nearly 
250 years ago. There is' no necessity to trace the varying kinds of clinical 
cases in which, milky effusions were chronicled by earlier observers, for they 
have been fully detailed in the monographs of Jousset (67), and Poupy,^ and 
in the papera of Bargebuhr (29), Boston (34), Batty Shaw (112), and Busey (125). 
Previous to 1860 there were recorded twenty-five cases of milkj'^ peritoneal 
effusions, and duiing the last fifty years we have traced 171 cases, including 
the three which are submitted in this paper. They ai'e tabulated in chrono- 
logical order (pp. 187-96). A few have been omitted, as the details published 
are insufficient, and othei-s have probably escaped our notice, but the list is as 
complete as we have been able to make it. It should be added that milky 
effusions due to parasitic infections have not been included. 


’ These, Paris, 1898. 
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Classification. 

A rigid differentiation of the different kinds of milky effusions to be found 
in the peritoneal and other serous cavities has always presented considerable 
difficulty. Quincke (106) was the first to put forward a classification which 
recognized two types of fluid, an hydrops chjdosus and an hydrops adiposus. 
Later, he included a third type which has since been called pseudo-chylous. 
Hydrops chylosus includes all effusions into the serous cavities in which there 
is direct anatomical evidence pointing to an implication of the lacteal and 
lymphatic systems. Hydrops adiposus furnishes examples of milkj? fluids in 
which the fat present is derived from degenerated cells and not from the 
addition of chyle. This classification was based on the view that the milkiness 
of these effusions was due to fat and fat only, provided the degree of sub- 
division was sufficiently minute. It was found, however, that a milky 
character could arise from the pi'esence of substances other than fat, and to 
include such Quincke accepted the term pseudo-chylous. Ceconi (40), ! in 
writing on the subject, differentiated three forms, chylous, chyliform', and mixed 
effusions, the last containing varying amounts of chyle. Pagenstecher (99) 
held the view that in addition to true chylous effusions there were fluids 
in which the milky appearance was due to (a) fatty degeneration of cells, 
(h) inflammatory changes, or (c) chemical substances of a non-fatty nature. Later 
in 1907 Massing (83) supported the classification of Quincke, but contended 
that the pseudo-chylous type of effusion could not be satisfactorily differentiated 
from the two main groups first introduced by Quincke. The classification 
adopted by H. D. Rolleston^ and accepted by most writers is a modification 
of that introduced by Quincke and recognizes three groups, chylous, chyliform, 
and milky, non-fatty effusions. This corresponds on the whole with the view 
that the fat present is the chief criterion indicative of a milky effusion, and that 
where this does not obtain the fluid under consideration falls into the third 
category. Now chyliform effusions are frequently such, not because of the fat 
that may be present in considerable amount, but by reason of some other 
substance which is identical with that causing the opalescence in milky, non- 
fatty effusions. The two groups then are hardly distinct enough to justify 
a main heading. They should rather be classified as varieties of one type, 
which may be called pseudo-chylous. Chylous effusions would include as 
before those due to trauma or to the escape of chyle in diseases affecting the 
lacteal and lymphatic systems. The chemical data supporting this classification 
will be given later. 

Aetiology. 

The local and general causes are similar to those for ordinary ascites, bub 
why the effusion should possess the constituents which endow it with a milky 
appearance is unknown. Direct lesions of the thoracic duct or of the lacteal 


’ Osier and M‘'Crae, System of Medicine. 



ON CHYLOUS AND PSEUDO-CHYLOUS ASCITES 


169 


and lymphatic system, giving rise to a leakage from the chyle vessels, afford an 
explanation of a certain number of cases. When, however, a case of cirrhosis 
of the liver, which usually is found associated with a clear serous fluid, jdelds 
a milky effusion due to a lecithin-globulin complex, the reason why such 
a substance has appeared is^susceptible of no explanation at present. 

Age incidence. This Is best shown by giving the incidence at different ages, 
the figui’es being taken from 145 cases which appear in the synopsis of recorded 


cases. 


Under 1 year 


Prom l-lO years 

8 


„ 10-20 „ 

17 


„ 20-30 „ 

18 


„ 30-40 „ 

24 


„ 40-50 „ 



„ 50-60 „ 

. ... 29 


„ 60-70 „ 

22 



Total . 145 



3 cases 


It will be seen that seventy-seven of the cases occur between the ages of 30 
and 60 years, and that more than two-thii-ds lie betwen the thirtieth and seventieth 
years of life. The maximum incidence appears between the ages of 40 and 60 years, 
Boston (34) in a record of 126 cases found that the condition was most frequent 
between the ages of 30 and 50, the highest figure of incidence appearing at the 
thirty-fifth year of life. From the above table there would seem to be a steady 
increase up to the sixtieth year. 

Sex incidence. Of the 145 cases in which sex was given 74 were males and 
71 females, showing an almost equal distribution between the two sexes. 
Boston (34) gives a slight preponderance to the female sex, namely 61 cases 
to 50 males out of a total of 111. 


Pathology. Morbid Anatomy. 

The conditions found in milky ascites ax’e various, no one lesion being 
characteristic of the condition. The following table presents the chief morbid 
changes found in the cases tabulated, whether they be chylous or pseudo- 
chylous : — 


A. Tumours. 

1. Carcinomata of abdominal organs .... . . ... 56 

(Stomach 21, ovary 10, pancreas 6, peritoneum 5, large intestine 4, gall 

bladder 2, liver 1, uterus 1, abdominal growths of uncertain origin 6.) 

2. Carcinoma of the pleura , .... 1 

3. Sarcoma of abdominal organs . . . . . . . ... 19 

(Lymphosarcoma 12, sarcoma of ovary 3, mesentery 2, jielvis 2.) 

4. Lymphadenoma 4 

5. Lymphangeioma 1 

Total . 81 

B. Infections, 

6. Tuberculosis 3-3 

(Peritonitis, pulmonary, generalized miliary tuberculosis, lymphatic.) 

7. Chronic peritonitis 9 

8. Syphilis 3 

9. Cellulitis 1 


. 46 


Total 
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C. Affections of the thoracic duct and lymphatic system. 

10. Obstruction of the thoracic duct 19 

(Thrombosis 1, by grorvths 7, duct cancerous throughout 11.) 

11. Eupture of the thoracic duet 4 

12. Compression and distension of lymphatics or chyle vessels . . . .14 

13. Trauma : 3 direct injury, 1 post-operative 4 

Total . 37 

D. General diseases. 

14. Cirrhosis of the liver .28 

15. Nephritis .22 

16. Amyloid disease 4 

17. Morbus cordis 14 

18. Thrombosis of blood-vessels 10 

Total . 78 

E. Other diseases 8 

P. Unknown causes 14 


The most striking facts detailed above are that malignant disease, tuber- 
culous infections, cirrhosis of the liver, and nephritis are the commonest lesions 
found. To these must be added the changes present in the thoracic duct which, 
however, are always found secondarily to affections occurring elsewhere. Such 
a condition no doubt has, as a mle, a dii-ect bearing on the causation of a milky 
ascites, but it must be admitted that there are several cases on record in which 
a thoracic duct has been obstructed by cancerous growth throughout its whole 
corrrse without the appeai'ance of a chylous effusion. 

If we differentiate now between the chylous and pseudo-chylous cases it 
will be found that out of the 173 cases 71 are probably of a pseudo-chylous 
type. We say probably, because it is not always easy to come to a certain 
conclusion on some of the cases published owing to the incomplete character 
of the analysis carried out. Taking these, however, as being true pseudo- 
chylous effusions, an analysis of the morbid anatomy changes found gives the 
following results : — 


Pseudo-chylous effusions (71). 

A. Tumours. 

1. Carcinoma 

2. Sarcoma 

3. Lymphadenoma 

B. Infections. 

4. Tuberculosis 

5. Chronic peritonitis 

6. Syphilis •. . . 

C. Affections of the thoracic duct and lymphatic system. 

7. Obstruction of the thoracic duct 

8. Compression and distension of lymphatics or chyle vessels 

D. General diseases. 

9. Cirrhosis of the liver 

10. Nephritis 

11. Amyloid disease 

12. Morbus cordis 

13. Thrombosis of blood-vessels 

E. Other diseases 

F. Unknown causes 


19 out of 57 
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Here again malignant disease, tuberculosis, cirrhosis of the liver, and 
nephritis appear as the most frequent lesions. The affections of the thoracic 
duct are striking by their almost complete absence, as also are changes in the 
blood-vessels. It is interesting to note that the three cases of syphilis and the 
four occasions on which amyloid deposition had occurred are all found associated 
with a pseudo-chylous effusion. 

As will be seen on reference to Synopsis A, a number of the cases of milky 
ascites were associated with effusions into one or both of the pleural cavities. 
These when milky were of the same type as that found in the peritoneal cavity ; 
in many, however, the fluid present was of a simple serous character. The 
total number of milky pleural effusions found in 173 cases was 42, and of this 
number 18 were bilateral and 24 unilateral. Of serous effusions there were 17 ; 
unilateral 11 and 6 bilateral. There were in addition two examples of milky 
fluid in the pericardial sac and four of hydropericardium. 

Microscopical examination of milky effusions. The results obtained by 
this method of procedure are only of value when combined with a chemical and 
physical investigation. The most impoHant point has been to determine the 
presence or absence of free fat or of cells containing degeneration fat. That this 
fact when ascertained does give valuable information of the quantity of fat 
present is shown on chemical analysis. The average percentage of fat in milk^'^ 
fluids which do not show this body to be microscopically free is 0-2809, calculated 
on twenty-one samples in which the figures given may be considered reliable, 
while for thii'ty-eight samples which contained free fat the average figure is 
1-2085 per cent. Unfortunately, the further analysis of these cases does not 
prove those with the lower fat content to be pseudo-chylous and vice versa. 
The most that can be said is that the absence of free fat is evidence in favour of 
a pseudo-chylous effusion, while the presence of free fat gives no information one 
way or the other unless a further examination is made. With regard to the 
cellular content which may be present, this, while of value for diagnostic 
purposes, has alone little use in helping to distinguish chylous from pseudo- 
chylous fluids. 


Prognosis. 

Of the total number of cases tabulated, 173 in number, 116, or 67-8 per cent., 
are known to have died. Differentiating between chylous and pseudo-chylous 
the percentage mortality for the chylous cases is 66 per cent, and for the pseudo- 
chylous 70-4 per cent. The recoveries from chylous ascites number 15 (15 per 
cent.), while for the pseudo-chjdous type of effusion the figme is 8-4 per cent., 
which shows that of the two the latter is of graver significance. It is interesting 
to note that of the 6 cases of pseudo-chylous ascites recovering, 4 were suffer- 
ing from nephritis, and in the remaining 2 no diagnosis could be made. Of the 
chylous cases 15 recovered, 1 was suffering from chronic nephritis, 6 from 
chronic inflammatory conditions of the peritoneum, chiefl}' of a tuberculous 
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nature, 1 from morbus cordis with enlargement of the liver, and in the remaining 
7 no diagnosis was made. 


Physical and Chemical Properties of Pseudo-chylous Ascites. 

Of all the fluids examined which are of the nature of pseudo-chylous effusions 
the colour was invariably pure white, or yellowish white, but the degree of turbiditj^ 
various. Further, several observers have noted that the fluid removed at later 
tappings is generally more opaque, and this was found to occur in all the fluids 
examined. The onlj^ exceptions appear to be those of Siredey (123), Gaucher (54), 
and Zypkin (156), where a milky fluid was later replaced by an ordinary ascitic 
fluid. The reverse condition of an ordinary ascites followed b}’- a milky opalescent 
fluid was noted b^^ Achard and Laubiy (25) in one of their cases. The fluids 
when allowed to stand for a short time invariably show a creamy layer, tho 
density of this layer depending upon the amount of fat present, and also upon 
the treatment of the fluid after removal from the body. Continuous shaking of 
the fluid, for example, completely modifies the condition of the substances which 
form the creamy laj’er ; and subsequent storage in a cool place will not restore it. 
In aR the fluids where this condition has been noted, the main bulk of the fluid 
has not lost its opalescence, and this clearly points to the fact that the milky 
appearance is not due to fatty materials. Besides the creaming of the fluid, 
a scanty wRite sediment is often found separating out, and this usually contains 
the cellular elements, a few fibrin-like coagula, and a finely gi-anular debris, 
probably protein in natme. More rarely ciystals of fatty acids, cholesterin, and 
phosphates are found in this sediment. Filtration through filter paper produces 
no alteration in the turbidity, and a similar result occurs with centrifugalization. 
Only in one of the cases (Fluid No. 3) did centrifugalization produce a clearing 
of the fluid, and this is not remarkable, when it is noted that the fluid itself 
tends to clear on standing. Filtration on the other hand through a Pasteur filter 
completely clears the fluids, and this -was also observed by Apert (26) and 
Bernert (33). The residue on the porcelain candle is of a mucinoid character, 
and when extracted with water gives rise to an opalescent fluid similar to the 
original solution. The tendency to resist putrefaction, which is one of the most 
characteristic features of these effusions, seems to be bound up with the lecithin, 
since when this body is removed the fluids rapidly decompose. When chloroform 
is added as a preservative the fluids will keep for years without showing 
any signs of decomposition or putrefactive changes. Even without the addition 
of chloroform the sample will remain for a long time without any marked 
alteration in its homogeneitj' or its odour. F urther, it seems that the larger the 
amount of lipine material present the longer wdll the fluid remain sterile. This 
relationship between lecithin and the resistance to putrefaction has already 
been refeixed to, and will be discussed later in its bearings on the resistance 
of other fluids to putrefactive changes. The microscopic examination of these 
fluids reveals the formed elements of blood, e.g. red blood corpuscles, polynuclear 
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and mononuclear leucocytes. The presence of the latter in excess is in favour of 
the effusion being lymphatic in origin. The occurrence of other more specialized 
cells is determined by the nature of the pathological condition, and whether 
these cells are degenerated or not. In inflammatoiy conditions we may find 
such cells containing granules which are not of the nature of fat, though produced 
by degenei-ation processes within the cell itself. A high cellular content is very- 
unusual in these milky fluids. Besides cellular elements, many authors have 
noted the presence of fine refractile granules in active Brownian movement and 
described such an appearance as due to an emulsion of fat. They occur, 
however, in fluids with a very small quantity of fat, and furthermore do 
not react to stains such as osmic acid and Sudan III. These highly refractile 
particles appear to be of the nature of protein, and no doubt owe their optical 
properties to the associated lipine. They occurred in all the fluids which Avere 
examined, and in no case did they give any reactions for fat. The sediment in 
the second fluid described in the pi'esent paper when examined microscopicallj’’ 
showed abundance of these fine granules, and this sediment contained the 
lecithin-globulin complex. A true pseudo-chylous fluid, therefore, is characterized 
by the presence of these minute granules, and the almost total absence of 
any microscopical fat globules. The specific gravity varies between 1-008 and 
1-014, the average being about 1-010. The lowest figure recorded is that of 
Eisenschiitz (49), 1-005; and the highest by Apert (36), 1-060 and 1-082. These 
latter figures may possibly be accounted for by the high protein content (9-7 per 
cent, and 6-6 per cent.) and that the fluid appears to resemble a purulent exudate. 
The reaction of the fluids is invariably alkaline, and very rarely neutral. Only 
in a case described by Mehu (84), and one by Rotmann (114), was the fluid acid, 
and in the latter this was undoubtedly due to bacterial contaminatiou. 


Chemical Characters. 

Proteins. The fluids never coagulate spontaneously, showing the absence 
of fibrinogen and also their serous origin, and in very few cases did the fluid 
coagulate on heating. Heating, however, with acetic acid results in a dense 
coagulum and a clear supernatant fluid (Poljakofl' (104)), Bernert (33), and 
Lambi’ior (71)). Treatment rvith alcohol has a similar effect (Zypkin (156)), as 
also half-saturation with (NHJoSO^ (Joachim (194)), or full saturation (Tajdor 
and Fawcett (137)). Ascoli(27), and later Joachim, shoAved that bj'' dialysis 
a separation of the globulin took place with almost complete clearing of the 
solution. These observations have been confirmed above. 

The removal of the opalescence in pseudo-chylous fluids by ether only 
occurred in two cases, one given by A^ariot(142) and the other by Lescht- 
schinski (75). Previous additions of caustic potash serA’^ed to remove tho 
opalescence in the case of Hirtz and Luj's (62), and slightly in that of Zypkin. 
In one of the cases described in the present paper, viz. fluid No. 4, caustic potash 
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nature, 1 from morbus cordis with enlargement of the liver, and in the remaining 
7 no diagnosis was made. 


Physical and Chemical Properties of Pseudo-chylous Ascites. 

Of aU the fluids examined which ai’e of the nature of pseudo-chylous effusions 
the colour was invariably pure white, or yellowish white, but the degree of turbidity 
various. Further, sevei'al observers have noted that the fluid removed at later 
tappings is generally more opaque, and this was found to occur in all the fluids 
examined. The only exceptions appear to be those of Siredey (123), Gaucher (54), 
and Zypkin (156), where a milky fluid was later replaced by an ordinary ascitic 
fluid. The reverse condition of an ordinary ascites followed by a milky opalescent 
fluid was noted b^j^ Achard and Laubry (25) in one of their cases. The fluids 
when allowed to stand for a short time invariably show a creamy layer, the 
density of this layer depending upon the amount of fat present, and also upon 
the treatment of the fluid after removal from the body. Continuous shaking of 
the fluid, for example, completely modifies the condition of the substances which 
form the creamy layer ; and subsequent storage in a cool place will not restore it. 
In all the fluids where this condition has been noted, the main bulk of the fluid 
has not lost its opalescence, and this clearlj’^ points to the fact that the milky 
appearance is not due to fatty materials. Besides the creaming of the fluid, 
a scanty white sediment is often found separating out, and this usually contains 
the cellular elements, a few fibrin-like coagula, and a finely granular debris, 
probably protein in nature. More rarely crystals of fatty acids, cholesterin, and 
phosphates are found in this sediment. Filtration through filter paper produces 
no alteration in the turbidity, and a similar result occurs with centrifugalization. 
Only in one of the cases (Fluid No. 3) did centrifugalization produce a cleai’ing 
of the fluid, and this is not remarkable, when it is noted that the fluid itself 
tends to clear on standing. Filtration on the other hand through a Pasteur filter 
completely clears the fluids, and this was also observed by Apert (26) and 
Bernert (33). The residue on the porcelain candle is of a mucinoid character, 
and when extracted with water gives rise to an opalescent fluid similar to the 
original solution. The tendency to resist putrefaction, which is one of the most 
characteristic features of these efiusions, seems to be bound up with the lecithin, 
since when this body is removed the fluids rapidly decompose. When chloroform 
is added as a preservative the fluids will keep for years without showing 
any signs of decomposition or putrefactive changes. Even without the addition 
of chloroform the sample will remain for a long time without any marked 
alteration in its homogeneity or its odour. F urther, it seems that the larger the 
amount of lipine material present the longer will the fluid remain sterile. This 
relationship between lecithin and the resistance to putrefaction has already 
been refeiTed to, and will be discussed later in its bearings on the resistance 
of other fluids to putrefactive changes. The microscopic examination of these 
fluids reveals the formed elements of blood, e.g. red blood corpuscles, pol^’^nuclear 
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eluded that it -was impossible to compare the two methods, and further that they 
did not differentiate two types of protein, since if the salt is added in small 
quantities at a time, and the results plotted in the form of a curve, no hreah in 
the continuit 3 >- could be found. Burckhardt dialysed Hofmeister's protein fraction 
and found a large portion of it was soluble in water. This observation led up 
to the distinction between eu-glohulin and pseudo-globulin, the latter being 
soluble in water, while the former is insoluble (Joachim and Freund (194).) 

Now no one has shown so far any true distinction between the eu-globulin 
and pseudo-globulin of blood serum. One protein fraction of the blood certainly 
possesses the properties of the pseudo-globulin, but we hope definitely to establish 
that this is due to external factors, and not to the globulin itself. Joachim has 
demonstrated these two fractions in a milky fluid obtained from the abdominal 
cavity of a patient with cin-hosis of the liver. After dialysing the fluid for five 
days, he obtained a clear residual fluid and a copious precipitate. From this he 
concluded that the milky character of the fluid was due to a precipitable globulin. 
One-third saturation of the fluid with ammonium sulphate precipitated the 
eu-globulin fraction and the resulting filtrate did not differ in opalescence from 
the original fluid. On raising the strength of (NH 4 ) 2 S 04 to half-saturation the 
pseudo-globulin was precipitated, and the fluid became quite clear. There- 
fore the pseudo-globulin fraction was the cause of the opalescence. Quantitatively 
the fluid contained 0'0331 gramme per cent, of eu-globulin and 0-245 gramme 
per cent, of pseudo-globulin. As a result of his experiments with dialysis 
he found that 53 per cent, of the eu-globulin fraction was insoluble in distilled 
water, and ST" per cent, of the pseudo-globulin fraction. The solubility of the 
eu-globulin fraction was normal according to the observations of Freund and 
Joachim, but the pseudo-globulin was very insoluble in distilled water. Further- 
more, extraction of the dialysed residue with 0-6 per cent, solution of NaCl gave 
0-0056 gramme per cent, of nitrogen, and subsequent treatment with a 1 per 
cent, solution of NaOH gave 0-0123 gramme per cent, of nitrogen. Joachim 
remarks that this observation is just the reverse to that when jmu treat serum 
globulin in the same way. Again, in his attempts to prove the presence of 
lecithin, he found the eu-globulin portion was quite free from phosphorus, 
whereas the pseudo-globulin portion gave a marked phosphorus reaction and 
contained 0-0360 gramme per cent, of lecithin in combination. He concluded 
that the lecithin was combined with the pseudo-globulin, and of the pseudo- 
globulin the portion which is insoluble in water gave rise to the turbidity of the 
fluid, i. e. 27 per cent, of the total. 

Previous to the work of Joachim, Bernert had shown that lecithin was 
combined with the globulin in the pseudo-chylous fluids which he examined, and 
as such gave rise to the opalescent character of the fluids. 

Wolff (153) in the same year as Bernei-t attributed the milky character of 
the pseudo-chylous effusion he examined to a cholesterol-ester combination witlr 
an eu-globulin. In this case the ratio of eu-globulin to pseudo-globulin had 
a much higher value than that given by Joachim. The eu-globulin which 
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■was free amounted to 0-064, and that combined to 0-6661 gramme per cent., 
-whilst the pseudo-globulin figure -was 0-0208 gramme per cent. 

In a private communication from Mr. W. B. Hardy of Cambridge he has 
informed us of some experiments which he has conducted on the serum proteins, 
and with his kind permission we quote them here. In separating the various 
fractions of serum by precipitation each fraction is found to hold in some close 
association cholestei-in esters of fatty acids (palmitic, &c.). In view of the 
insolubility of these esters they must be present in the blood plasma in a very 
close association with the dissolved proteins, and when the ratio of ester to 
protein exceeds a certain definite amount then the solution of the protein is. 
opalescent. In the various samples of pseudo-chylous fluids which we have had 
the opportunity of examining, the globulin fraction has always sho-wn atypical 
properties. Only a vei-y small quantity of the globulin was soluble in dilute 
saline solution, and this on analysis proved to be free from lipine material. 
The greater part of the globulin isolated was found to be quite insoluble, and 
gave an extremely dense milky fluid when shaken up with saline. This proved 
to contain lecithin in very close association with the globulin. Repeated 
attempts to isolate other lipines were without success, and only lecithin could be 
found in the fluids examined. When the lipine material is removed by long- 
continued extraction with warm ether, a white powder is obtained, which readily 
dissolves in dilute saline, and also in distilled water. This globulin therefore 
behaves in every way like the pseudo-globulin isolated by Joachim, but we do 
not propose to designate this fraction by that term. Having in view the above 
observations, and the considerable variations met with in the relative amounts 
of eu-globulin and pseudo-globulin so called, there seems no chemical basis for 
separating the globulin of serum into these two fractions. The solubility 
of the globulin, whether isolated from serum or from other sources, wiU no doubt 
depend on the nature and the amount of lipine material combined with it. In 
the observations of Hardy this point is brought out most stiikingly, the globulin 
solution becoming opalescent when a certain stage of saturation with lipine is 
reached. This is the condition of the globulin in the milky effusions desci-ibed 
by Joachim, Bemert, Wolff, Ceconi, and probably also those of Verdelli(144) and 
Ascoli. The same is true for the fluids obtained from the three cases above 
described. Additional support to this contention is given by Christen (191) in 
discussing the paper by Stryzyzowski (134). In a feebly turbid ascitic fluid 
with 3-06 grammes per cent, of protein he found 0-006 gramme of lecithin fixed 
to the globulin, and in another fluid of the same character with 4-56 per cent, of 
proteins 0-0028 gi’amme per cent, of lecithin was combined. However, in a 
strongly turbid ascitic fluid with a protein content of 6-9 per cent., 0-0168 gramme 
of lecithin was found associated with the globulin. A clear fluid from an ovarian 
cyst, on the other hand, showed the complete absence of any association of 
lecithin with globulin. Several observers have noted the presence of lecithin 
and also globulin in pseudo-chylous effusions, notably Michelli and Mattirolo, 
and others again, especially Achard (24), Achard and Laubry(25), Souques (129), 
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Poljakoff, and Zypkin, have stated that nucleo-albumin is present. The 
differentiation of these substances may easily mislead one, unless hydrolysis or 
fermentation is resorted to and the disintegration products carefully isolated. 
It therefore seems reasonable to suggest the general occurrence of this atypical 
globulin in aU milky effusions -where the opalescence is not due to fat, i. e. all 
pseudo-chylous effusions. The solubility of the globulin either in serum or in 
serous effusions is consequently conditioned by the amount of lipine material 
combined -with it, and the latter will in addition influence the optical activity, 
the electrical charge on the collidal particles in suspension, and also the relation- 
ship of globulin to electrolytes. Turning our attention to serum -we find the 
proteins quite specialized, and this is not specific, but bolds also for different 
animals (see analysis of Bunge and Abderhalden). The ratio of albumin to 
globulin is as 1*5 :1, according to Hoppe-Seyler, but this is found to undergo 
considerable alteration under certain conditions. During starvation there is 
a lai’ger amount of globulin present in the blood, and this was demonstrated in 
the folio-wing way by Morawitz (197). The volume of the blood in animals was 
reduced by bleeding, and then Locke’s fluid (modified Ringer’s solution) intro- 
duced. A rapid rise in the blood proteins occurred three hours after bleeding, 
and in two to four days they were entirely restored. During the period of this 
experiment the animals were kept without food. The most striking point noted 
was that the albumin fraction was restored more quickly than the globulin, 
although the latter was the last to disappear. These observations seem to have 
a very important bearing on the question under consideration, especially when the 
ratio of albumin to globulin shows -wide variations. The question of the 
variations in the ratio of albumin to globulin with differences of sex may also be 
noted in passing. 

Another feature of serum is that it will take up a considerable quantity of 
globulin without any alteration in its physical properties, i. e. it will filter 
readily, and is quite soluble. Attempts were made to produce an opalescent 
serum in this way, but provided the globulin is more or less free from lipines, 
only the addition of a large quantity will produce this effect. Judging from 
these observations it seems reasonable to assume that the proteins of serum 
under normal conditions are stable, and that the transport of transformed 
material derived from the intestine is carried out in some other way. 

The ratio of albumin to globulin undergoes considerable alterations under 
pathological conditions. Bright noted that the serum was opalescent in some 
cases of albuminuria, and similar observations were made by Simon (182) 
(once in 4 cases), Rodier (three times in 15 cases), Castaigne (190), Widal and 
Siccard (201) (8 out of 13 cases), and Variot (142) (one case). The removal 
of large quantities of protein material from the blood, and more particularly 
the serum albumin, probably tends to increase the relative amount of serum 
globulin present. This in itself may give rise to an opalescent serum. As far 
as can be ascertained, the sera in all the cases mentioned above owed their 
opacity not to the contained fat, but to protein material, and especially was this 

[q.J.M., Jan.,J9u.) N 
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the case in Widal and Siccard’s observations. The authors showed the presence 
of small refractile globules microscopically, and these were insoluble in ether, 
and unaffected by osmic acid. The blood serum, however, may be opalescent in 
scarlet fever, pneumonia, and rheumatic fever without any nephritis occurring. 
Fawcett and Boycott (193) have also published details of a case of sarcoma of 
the pancreas, where the blood plasma was creamy in appearance, and here again 
the opalescence was ascribed to a protein fraction, and not to fat or lecithin. 
A similar observation has been made by Rywosch (200). In diabetes the 
condition known as lipaemia is sometimes regarded as a serious symptom, and 
is generally attributed to fat. Wilson and Williams (203) found this condition 
in varying degree in the blood of fifteen cases of diabetes which they examined. 
Cholesterin and combined fatty acids were found to be present, and they 
attribute this condition to an abnoimal fat metabolism. Roaf and B. Fischer 
have isolated a cholesterin ester from the opalescent serum in similar cases. 
These observations are quoted here as giving suppoid; to the probable cause of 
non-fatty opalescent sera and serous effusions. It is presumably to be found in 
the protein fractions, and further research will show whether the serum in these 
conditions contains a globulin-lipine combination. In only two of the recorded 
cases was an opalescent serum accompanied by a pseudo-chylous effusion, 
notably in the case of Achard, and in one case described by Variot. The 
occurrence of an opalescent serum is well known in animals after food has been 
taken, and Buchanan observed the same effect in man during digestion, but in 
these cases the presence of transformed fatty material may contribute largely to 
the production of the opacity. Seeing that in the case of serum under patho- 
logical conditions the stability of the proteins may undergo considerable 
alterations, it is not surprising to find the same variations in pseudo-chylous 
exudates. That the ratio of serum albumin to serum globulin varies within 
wide limits may be seen by reference to the chemical tables, that given hy 
Bernert (Case 1) being as 1:14-5, and Verdelli 1 : 1. In general the per- 
centage of serum albumin averages between 60-70 per cent, of the total 
proteins. In Joachim’s case it amounted to 64-9 per cent., and in Wolff’s case 
75-7 per cent., a very high figure. 

Fats, lecithin, and cholesterin. These substances represent the ether 
extract of pseudo-chylous fluids, and rarely do we find a total ether extract 
exceeding 1 gramme per cent. The fat content varies between 0-017 and 0-86 
per cent., but in most cases it is more than 0-15 per cent. This latter figure, 
according to Letulle, represents the minimal quantity of fat which will give rise 
to a turbid fluid. The fat extracted from pseudo-chylous effusions consists 
largely of neutral fat, and this is usually yellowish in colour, and sets to a solid 
at room temperature. The melting-point of this fat ranges between 38°-40‘’ C., 
and con-esponds in every way to pathological fat. It presumably originates 
from the fatty degeneration of the cellular elements, and is in consequence 
unaffected by change in the diet. The quantity of fat present seems to depend 
on the length of stay in the abdominal cavity, and also upon the number of 
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previous tappings. As ali-eady noted, the fluid removed at later tappings is 
generally more yellowish in colour, and contains a larger quantity of fat. 

The fat content of serum is generally lower than that for pseudo-chylous 
exudates, ranging, according to Englehardt, from 0-1 to 0-7 gramme per cent. 
Boningen found that even 0-85 per cent, could be present without in any way 
altering the general characters of the serum. Fawcett and Boycott in their case 
of pseudo-lipaemia found 0-38 gramme per cent, of fat, but the opalescence was 
shown not to be due to this substance. Jolles (195) in a clear peritoneal fluid 
found 0-280 gramme per cent, of fat. Finally, VerdelH, from an analysis of 
thirty serous fluids, whether exudates or transudates, concludes that neutral fat, 
fatty acids, and soaps, are present in all. Further, that the soaps are very much 
in excess of the fat, and in only one case was the quantity of soap exceeded by 
the fatty acids, lecithin, and cholesterin. In the three ‘ Chyliform ’ fluids which 
he examined a considerable quantity of fat was obtained. 

In conclusion, it is obvious that the small quantity of fat contained in 
pseudo-chylous exudates plays little if any part in the production of the 
opalescence. It is present in the foi’m of a very fine suspension, so that the 
obvious droplets are invisible under the microscope even when a objective 
is used. It does not give the ordinary reactions of fat when stained with osmic 
acid or Sudan 111, and when extracted with ether or separated as a cream the 
opalesence of the fluid is almost unaltered. 

Turning our attention to the lipine substances found in pseudo-chylous 
fluids, the two most constantly occurring are lecithin and cholesterin. The 
lecithin content of pseudo-chylous exudates vai-ies between 0-003 and 0-274- 
gramme per cent. The highest figures recorded are for those of the cases 
described above, viz. 0-360 and 0-274 gramme per cent., and for one case 
of Michelli and Mattirolo 0-218 per cent. These higher figures are attributed to 
the introduction of improved methods of extraction and identification. The 
figures of other observers approximate very closely to 0-02 per cent., but Bernert 
and Ballmann (28) give a value of 0-096 per cent. The lecithin so obtained has 
proved to be a mono-amino mono-phosphatide, and to yield choline on hydro- 
lysis, and is apparently of the mono-stearyl type. The presence of this 
substance is of interest, since to it many authors have attributed the milky 
appearance so characteristic of pseudo-chylous effusions (Strauss (132), Michelli 
and Mattirolo, Gross (56), and Mosse (90)}. That lecithin itself is the only 
source of the milky-like character of these effusions has been contested by 
Poljakoff, and Christen (191). The arguments brought forward fell mainly 
under two heads, viz. the amount of lecithin required to render a solution milky, 
and the quantity of lecithin present in exudates and transudates. Mosse states 
that 0-008 gramme per cent, of lecithin will render distilled water milky, and 
consequently any figure above this will give rise to turbidity in a fluid. The 
turbidity, however, does not approximate that of pseudo-chylous effusions, 
since if an alcoholic solution of lecithin is added to water it produces an 
opalescence, but not so mai’ked as the fluid from which the lecithin has been 

N 2 
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extracted. Also in considering Mosse’s statement the variations of solubility of 
lecithin in water and serum have to be taken into account. Michelli and Mattirolo 
further found that ether extraction did not clear the fluid, but if the lecithin was 
free and the cause of the opalescence it should have been removed by this 
treatment. With regard to the quantity of lecithin in various fluids, distinct 
variations are to be found. Christen found in a milky fluid 0-0077 gramme per 
cent, of lecithin, -vvhereas in a clear ascitic fluid 0-316 gramme was present. 
Similarly, Jolles in a clear peritoneal fluid found 0-169 gramme per cent. In 
view of these facts lecithin by itself cannot play a very prominent part in the 
production of the opalescent character of pseudo-chylous ascites. 

In the fluids examined by Bernert, Joachim, Christen, and the authors the 
contained lecithin was found to be almost entirely associated with the protein, 
and of the latter more especially the serum globulin. Joachim further stated 
that of the two globuRn fractions the pseudo-globulin portion contained the 
lecithin. This association of a lipine with the globulin of the serum is a very 
stable one, and only with difficulty is the complex broken up into its constituent 
parts. Removal of this complex from a pseudo-chylous fluid either by dialysis, 
filtration through a Pasteur candle, precipitation, or exposure to radium rays 
results in a clear supernatant liquid. The opalescence of the fiuids examined 
has been shown to be almost entirely due to this substance. In all probability 
many of the pseudo-chylous fiuids previously examined were of the same nature, 
and this complex mistaken for a nucleo-protein to which it has a superficial 
resemblance. Achard and Laubry attributed the opalescence of their fluids to 
nucleo-protein, which dissolved in alkali and gave an opalescence similar to the 
original solution. In the fluids described by Souques, Poljakoff, and Zypkin 
nucleo-protein was stated to be present, and to be partly responsible for the 
milky character. Most of these observations were based on the phosphorus 
content only, and it is highly probable that in all these cases we are dealing 
with a substance similar to that described above. Further, the presence of 
lecithin has been demonstrated in many of these fluids. Pseudo-chylous fitiids, 
therefore, invariably contain lecithin, and it is highly 2 ^robable that in most 
cases this exists mainly in combination with the globulin. As a general rule the 
degree of turbidity is detemiined not by the amount of globulin present, but 
rather by the amount of lecithin which is in combination with it. This is well 
illustrated by reference to the figures quoted by Christen {vide siopra), and 
also in the fluids whieh we have examined. 

Fluid No. 1 derived from the first case was much more opalescent than 
fluid No. 2, and similarly the fluids from the second case were more opaque 
than those from the third case, this latter containing only a very small quantity 
of lecithin, being very faintly opalescent. The solubility coefficient of lecithin 
in water and serum respectively has been quite overlooked by many observers. 
Whereas a 0-008 per cent, solution of lecithin in distilled water is opalescent, 
much larger quantities can be tfiken up by serum without any alteration in its 
ph3-sical properties ; in fact, as shown alreadj^ as much as 0-316 gramme per 
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cent, of lecithin may be present and , the fluid still remain clear. The pro- 
duction of the opalescence, therefore, cannot be explained by the presence of 
lecithin alone, although normally lipines are very insoluble substances. When, 
however, they occur in association their solubility is considerably altered, and 
a corresponding alteration in the, solubility, of the complex results. This has 
already been demonstrated by Hardy (^ide supra). The opalescent character 
of milky fluids which are non-chylous is therefore clue to a combination of the 
serum-glohulin present with lipine material, the latter being losually in the form 
of lecithin. 

The production of the lecithin is possibly determined by the pi’ocesses of 
degeneration of cellular material which takes place in the diseases where such 
an effusion results. In many respects it resembles the formation of pus, which 
is also .characterized by the production of a large quantity or lecithin. In 
general pus fluids contain about O-lb gramme per cent, of lecithin, but the 
amount varies with the degree of cellular destruction which has taken place. 
The pus cells themselves contain about 7-5 per cent, of lecithin and 7-2 per cent, 
of cholesterin. It seems highly probable. that the destruction of the lecithin con- 
taining ceU elements takes place in the blood itself, and that the lecithin so 
formed diffuses through the peritoneal membrane into the serous cavities. This 
would explain the sudden changes from a, clear eflfusion to a milky one noted 
by some observers, or the reverse condition where a milky is later replaced by 
a clear transparent fluid. 

The resistance to putrefaction so characteristic of all the milky fluids 
examined seems to be intimately bound up with the lecithin, as has already been 
pointed out, and this is very striking in view of the fact that lecithin readily 
undergoes autoxidation. When associated with protein it appeal's to be 
remarkably stable, but at the same time is able to exert its influence on the 
neutralization of toxines and bacterial gi-owth. The chemical configuration 
of the lecithin molecule possibly accounts for this property, since it contains 
a larger number of hydroxyl groups capable of uniting with such bodies as 
ferments, proteins, sugar, and other lipines. The power of resisting putrefaction 
by micro-organisms, which has been conclusively shown to be due to lecithin, 
suggests a possible function of this bodj’- in the production of immunity. This 
subject is at present receiving attention with the object of ascertaining the part 
played by the lecithin in serum, bile, and other body fluids in resisting the 
attacks of micro-organisms. 

The presence of cholesterin has not been demonstrated in any of the fluids 
described above, and in general this substance is only present in very small 
quantities in body fluids. Cholesterin is much more characteristic of cellular 
elements rather than of the fluids which surround them. Some observers have, 
however, noted the presence of this substance, notably : Mehu (0-0012 per cent.), 
Mosse (0-0078 per cent.), Wolff’ (0-056 per cent.), Hodlmoser (63) (0-06 per cent.), 
Souques (0-320 per cent.), Achard and Laubry (0-668 per cent.). Wolff further 
found that the cholesterin in the form of a cholestei'in ester was exclusively 



182 


QUARTERLY JOURNAL OF MEDICINE 


combined with the eu-globulin fraction, and as such was the cause of the 
opalescence. This observation is in accord with the observations made by 
Hardy previously mentioned in this paper. 

Carbohydrates. The presence of sugar in milky effusions has received 
considerable attention owing to the dictum of Senator that all milky fluids 
containing sugar were chylous in origin. That this theory is now untenable has 
been fully demonstrated by subsequent workers. In the fluids described in this 
paper sugar was present only in one instance, though it was very carefully 
sought for. The behaviour of this sugar in the fluid under examination 
presents many interesting features, and has warranted a further investigation 
of all sugar containing body fluids. The facts ascertained, that the sugar did 
not pass through a Pasteur candle, and further was only partially dialysable, 
seem to be of great significance in ascertaining the condition of sugar in the 
blood and its mode of transport in the body. This subject is at present 
receiving attention. In view of the numerous discrepancies found in the 
literature it is difficult at the present juncture to give any definite values for the 
sugar content. Several observers have noted its presence to the extent of 
about 0-1 to 0-15 gramme per cent., whilst others have been unable to detect it, 
but this does not necessarily imply that it is absent in such effusions, Pascheles 
and Reichel (199) have demonstrated the presence of sugar in a variety of 
effusions, but the figures given rarely exceed 0.15 gramme per cent. 

Other organic substances. The constituents of bile are rarely found in 
these fluids, as also urea and uric acid. When the latter occurs they approxi- 
mate very closely the amounts found in ordinary serum. According to Naunyn 
and von Jacksch (198) uric acid should be present in all transudates. 

Inorganic constituents. The most important constituents of the ash are 
the chlorides, which amount to between 0-5 and 0-7 per cent. Next in 
importance amongst the acid radicles are the phosphates, which show an 
almost constant value of 0-028 gramme per cent. This figure occurs inde- 
pendently of the amount of lecithin present. The amount of phosphoric acid 
present in milky effusions seems to be bound up with the abundance of added 
cellular material, which is strikingly small in these fluids. 

The sulphur figure for chyle-like fluids presents rather an anomalous 
condition, since with a rise in protein there is no corresponding rise in sulphur 
content. This was at first thought to be due to the presence of some special 
substance rich in sulphur such as cystin, but careful search did not reveal any 
indications. Large quantities of the fluid were hydrolysed both by trypsin, and 
by acid, and the cystin isolated and weighed. The amount obtained corre- 
sponded very closely with the calculated value for the serum proteins isolated. 
The metabolism of the individual did not give any explanation of this dis- 
crepancy, although a diamine giving the reactions of putrescin was isolated frora 
the urine obtained during the course of the treatment of the first case described 
In diseases of the lymphatic system a high SO 3 content has been 
in the serum, and seems to be associated with an over-production 
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of lymphatic tissue. This may possibly account for the high figures in the fluid 
examined. 

The value for the bases, particularly sodium and potassium, corresponds 
•with those of serum, ' and the same is true for the oxides of calcium and 
magnesium. Finally, very small quantities of iron occur in all milky effusions, 
and this is possibly derived from the destruction of the cellular elements of the 
body, and from the iron taken in the food. 

Summarizing the facts recorded above, it -will be seen that the milky 
eflTusions (pseudo-chylous) are in reality modified serous effusions. The values 
found correspond very closely to those obtained for ordinary serous effusions, 
and a sharp line of distinction can be dra'wn between the milky effusions and 
true chyle. The importance of a complete chemical analysis of sucli an efiusion 
cannot be over-estimated in making an exact determination of its nature, 
nor the value of these observations from the standpoint of the physician. 
Finally, the results supply additions to our knowledge of the chemistry of serum 
and the serum proteins. 


Physical and Chemical Properties of Chylous Ascites. 

The effusions containing chyle ai’e generally white or yellowish-white in 
colour, and' show a distinct creamy layer on standing. In contrast to pseudo- 
chylous effusions they possess a distinct odour, and this corresponds to the nature 
of the food ingested. Fui-ther, evidence of the presence of fibrinogen is 
shown by the appearance of a clot of fibrin after removal of the fluid from 
the body. Chylous effusions tend to accumulate very rapidly, and consequently 
large quantities are obtained at each paracentesis. It is worthy of note that the 
chylous fluid withdrawn at successive tappings does not show any distinct 
variations either in the degree of turbidity or in its chemical composition. 
Under the microscope the presence of fat globules of various sizes which react to 
staining reagents is very characteristic, and apart from this the fluids have 
very few microscopic elements. The specific gravity in general exceeds I-OIS, 
and may amount to as much as 1-023 (Stern (130)). The reaction of the fluids 
is generally alkaline, and only very occasionally neutral. 


Chemical Characters. 

The figures for the total solids show considerable variations, but a value 
below 4 per cent, is rarely found. The presence of fat in relatively large 
quantity accounts for the high %ures, and consequently the proportion be- 
tween the proteins and the total solids is low. The ash values are similarly 
influenced by the fat content, and, generally speaking, are very low when the 
figures for the total proteins are considered. The lowest a.sh figure recorded is 
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0-35 gramme per cent,, and the highest value 1-022 per cent., but the average 
quantity of ash ’in chylous effusions amounts to approximately 0-8 per cent. 

The protein constituents show veiy wide variations, the smallest figure 
being 1-2 per cent. (Landois (205)) and the highest figure 6-086. Of the various 
protein fractions serum albumin apparently occurs in the largest quantity, and 
serum globulin in little more than traces, in fact the protein fraction is largely 
composed of serum albumin, with the exception of small quantities of fibrin. 
Chylous effusions are fi:ee from nucleo-proteins, mucinoid substances, albumoses, 
and peptones. In no case hitherto recorded has a lecithin-globulin complex 
been isolated fr-om a chylous eSusion. SFith regard to the other extract of these 
fluids the gi-eater part of it consists of fat. The figures for the fat range from 
0-4 to 4-231 grammes per cent., but in most cases exceed 1 per cent. Its nature 
is determined by the fat contained in the food, and the quantity found in 
the fluid is also proportional to the amount ingested. In consequence, feeding 
experiments with various fats are' of value in determining the nature of the 
effusion, especially if the melting-point of the fat in the diet is known. Not 
onl}’" do we find the melting-point of the fat present in chylous ascites diffei-ent 
from the pathological fat present in certain pseudo-chylous effusions, but further, 
the acid figure, the saponification figure, and the ether figure are much lower 
than that for normal fat. In pathological fat there is also a greater free fatty 
acid content. 

Turning now to the lipine substances, we find that whereas lecithin is 
characteristic of pseudo-chylous fluids the presence of cholesterin may be 
described as a feature of a chylous effusion. Lecithin has been noted by some 
obseivers to be present in only very small quantities, and by others to be 
absent from chylous ascites fluids. Cholesterin, on the other hand, appears to 
occur in appreciable quantities, and this is all the more striking since this 
substance is regarded rather as a cellular constituent than a constituent of the 
fluids of the body. The presence of sugar in chylous effusions has received 
special significance since the statement made by Senator that the presence of 
sugar was diagnostic of a chylous effusion. Sugar has been detected and esti- 
mated by several observers, the values ranging between 0-03 and 0-321 per cent. 
On the other hand, several observei's have failed to find this substance in chylous 
fluids. The same remarks apply to pseudo-chylous effusions, and in con- 
sequence t//e presence or absence of sugar is of no valve in deciding whether a milky 
effusion is chylous or pseudo-chylous in nature. 

The inorganic salts in chylous effusions ai-e in general present in smaller 
quantities than in pseudo-chylous ascites. The sulphates, however, occur in 
larger quantities, and this can be accounted for by the fact that the protein 
content is higher. 

Dejyression of freezing -pomt. In close relationship to the inorganic salts 
in milky effusions we find corresponding variations in the amormt of depression 
of the freezing-point. The difference between chylous and pseudo-chylous 
effusions is very marked, and at first sight appears a valuable method of 
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distinguishing/tlie two types. The figures serve also to verify the statements 
already givsn as regards the serous origin of pseudo-chylous effusions and the 
relative quar^ity^f salts in chylous and pseudo-chylous ascites. The cryoscopic 
determinati6ns\^i^"'-pseudo-chylous ascites are — 0-62°C. (Mosse), — 0-544° C. 
(Yaquezand Esmonet) (141), — 0*505 and — 0.48°C. (Strzyzowski) (134), — 0*59°C., 
— 0*61°C., — 0*56°C., and — 0*60°C. for the fluids described by the authors. 
Chylous ascitic fluids, on the other hand, show a value for the depression of 
the freezing-point of —0*593° (Herczel) (60), whereas chyle from the thoracic 
duct according to Strauss is —0*51°, and Botazzi —0*615°. The value for chyle, 
however, according to the latter author, may be as much as —0*640°. For lymph 
we find figures such as — 0*612° and — 0*623°, and in blood serum the values I’anging 
from —0*56° (Achard and Laubry) to —0*595° (Bottazzi, and also Abderhalden). In 
the case described by Vaquez and Esmonet a figure of —0*63° for the blood serum 
was found, whereas the pseudo-chylous fluid gave a depression of —0*44°. In 
conclusion, it will be seen that pseudo-chylous effusions approximate very closely 
ordinary blood serum as regards the values for the depression of the freezing- 
point, whereas chylous fluids correspond more closely to chyle. 

If now we compare chylous and pseudo-chylous effusions we find the 
following are the most distinctive features of the two groups 


Chylous Ascites. 

1. Tends to accumulate veiy rapidly, and in. 

consequence large volumes are removed 
at paracentesis. 

2. Grenerally yellowish-white in colour and 

less perfectly emulsified. 

3. Degree of opalescence more or less con- 

stant at successive tappings. 

4 . Possesses an odour corresponding to the 

odour of the food ingested. 

5. Microscopically the fluid contains fine fat 

globules but very few cellular elements. 


6. Generally shows a distinct creamy layer 

on standing. 

7. Specific gravity generally exceeds 1*012. 

8. Depression of freezing-point about 

— 0*51°C., and approximating that for 
chyle. 

9. Total solids vary considerably, but usually 

greater than 4 %. 

10. The total protein content generally ex- 

ceeds 3 grammes per cent., and of this 
the serum-albumin is the largest frac- 
tion ; globulin occurring only in traces. 

11. Mucinoid substances absent. 


Pseudo-chylous Ascites. 

1 . Collects more slowly, the volume of the 

fluid varying with the exciting patho- 
logical condition. 

2. In colour a pure milky white solution in 

the form of an almost perfect emulsion. 

3. The opacity generally increases or di- 

minishes at successive tappings. 

4. Odourless. 

5. Microscopicallj' the quantity of free fat is 

variable ; often numerous fine, highly 
retractile granules are present, and these 
do not give the reactions for fat. Cellu- 
lar elements may be numerous and 
often contain fat ; sometimes veryscanty. 

6. A cream may or maj' not form, but does 

not affect the opalescence ; a sediment 
frequently settles out. 

7. Specific gravity less than 1*012. 

8. Depression of freezing-point ranges from 

—0.56° to —0*61°, and thus corresponds 
to the figures for blood serum. 

9. Total solids rarely exceed 2 %. 

10. The protein constituents vary between 

1 and 3 grammes per cent., and of these 
the serum-globulin occurs in appreciable 
quantities. 

11. Mucinoid sometimes present. 
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Chylous Ascites. 

12. The fat content is generally high, varying 

from 04 to 4 %. The fat corresponds in 
all its properties to the fat contained in 
food. 

13. Of the lipines, cholesterin is invariably 

found, and lecithin only occurs in traces. 

14. No e%’idence of the presence of a lipine- 

globulin combination has been given by 
previous observers. 

15. The salts and the organic substances 

present approximate to the values found 
for chyle obtained from the thoracicduct. 


Pseudo-chylous Ascites. 

12. The fat content is generally low, and may 

be present in traces only ; in its melt- 
ing-point and chemical composition it 
proves to be pathological fat. 

13. The most characteristic lipine is lecithin, 

though cholesterin is occasionally pre- 
sent. 

14. The lecithin is mainly combined with the 

globulin, and when present is the cause 
of the opalescence of the fluid. Such 
fluids resist putrefaction. 

15. The salts and organic materials correspond 

closely to lymph and serous fluids. 


The scheme of procedure necessary to establish whether a fluid obtained from 
a patient is chylous or pseudo-chylous in nature or a mixed form is as follows : — 
The specific gravity, total solids, and ash should bo asceiiained as soon as 
possible after withdrawal. The fat and lipines may be removed in several 
ways, either by ether extraction of the fluid, or extraction with hot alcohol. 
The ordinary method of extraction with ether has, however, many disadvantages, 
chief amongst them being the fact that the proteins present are partially pre- 
cipitated, and in pseudo-chylous effusions the lecithin as well. By precipitating 
the proteins with boiling alcohol, and repeated extraction of the residue with 
alcohol, the lipines and fat are entirely removed. The alcohol residue can then 
bo extracted with ether, and the fat and other ether-soluble substances isolated. 
The nature of the fat, its melting-point, saponification figure, and ether figure 
should be observed, as by this means a distinction between normal human fat 
and pathological fat can be made. The presence of lecithin and its condition in 
the fluid is also of importance, and this can be established either by precipitation 
methods or by dialysis. The presence or absence of sugar appears to be of little 
value for diagnostic pui’poses, since it may or may not be present in either of 
the two types of effusion. The other organic constituents, such as urea, uric 
acid, bile components, occur in very small quantities and are apparently of no 
special significance. The presence of such inorganic salts as chlorides and 
phosphates may be ascertained by an analysis of the ash. Finally, the depres- 
sion of the freezing-point may be determined, •’ this gives an ^ication of the 
quantity and distribution of the inorganic .. . < t. 


'' ^.clusio. 

■'f- 

1. The conclusions aiTi\ 

confirmed as a result of t’ ' on o 

chylous ascites. 

2. That two main types 'tes 

pseudo-chylous. 
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3. That the occurrence of a milky ascites is characteristic of no specific 
morbid anatomy lesion. 

4. That the prognosis, in milky ascites is grave. 

5. That the mortality in pseudo-chylous ascites is. higher (70-4 per cent.) 
than in chylous ascites (66 per cent.). 

6. That a complete chemical and physical examination is necessary to 
difierentiate with certainty the two types of milky ascites. 

7. That the results obtained have a direct bearing on the question of the 
chemical physiology of the blood serum, particularly with regard to the serum- 
proteins and carbohydrates present. 


A. SYNOPSIS OF THE RECOEDED CASES OF CHYLOUS AND 
PSEUDO-CHYLOUS ASCITES. 

Case 1 (Stevenson, 1860). Xtemarks: Durham’s case ; milky fluid; chylous. 

Case 2 (Stevenson, 1860). Eemarks : Moxon’s case ; milky fluid ; pseudo-chylous. 

Case 3 (Oppolzer, 1861). Age 42. Sex M. Disease : Cirrhosis of liver (atrophic), morbus 
cordis, thrombosis of subclavian veins. Hesult : Death. Eemarks : Tapped 3 times ; milky 
fluid ; microscopically no free fat ; thoracic duct blocked by clot, walls thickened. 

Case 4 (Rokitansky, 1865). Age 62. Sex F. Disease : Morbus cordis. Result : Death. 
Remarks: Autopsy; milky fluid; dilatation of chyle vessels and receptaculum chyli, walls 
thickened ; thoracic duet obstructed and dilated ; bilateral chylothorax. 

Case 5 (Cayley, 1866). Age 16. Sex M. Disease: Lymphosarcoma. Result: Death. 
Remarks : Autopsy ; turbid yellow fluid ; microscopically lymphocytes and endothelial cells ; 
thoracic duct obstructed and dilated throughout ; perforation of receptaculum chyli on anterior 
surface. 

Case 6 (Liicke and Klebs, 1867). Age 43. Sex F. Disease : Carcinoma of pancreas. 
Result : Death. Remarks : Autopsy ; 14 litres ; milky fluid. 

Case 7 (Wilks and Ormerod, 1868). Age 24. Sex M. Disease: ? Lymphadenoma, 
? Sarcoma, thrombosis of left subclavian vein. Result : Death. Remarks : Tapped 6 times ; 
76 pints; milky fluid; microscopically no free fat; granular cells and refractile granules 
present ; - thoracic duct normal ; left hydrotborax. 

Case 8 (Klebs, 1869). Age 10. Disease : Fatty degeneration of peritoneum. Result : 
Death. Remarks : Tapped many times. 

Case 9 (Hergeret, 1873). Age 27. Sex F. Disease : Tuberculosis, pulmonary and 
peritoneal. Result : Death. Remarks : Tapped twice ; milky turbid fluid ; microscopically 
free fat, no cells ; no autopsy. 

Case 10 (Munson, 1873). Sex F. Disease: Embolism of pulmonary artery. Result: 
Death. Remarks: Autopsy; milky fluid; thoracic duct perforated in neighbourhood of 
pancreas by rupture. 

Case 11 (Wilhelms, 1874). Age j%. Disease : Abdominal tumour in region of spine. 
Result: Death. Remarks: Tapped 10 times; milky fluid; thoracic duct ruptured by 
coughing. 

Case 12 (Friedrich, 1875)* Age 12. Sex P. Disease : General tuberculosis, tuberculous 
peritonitis. Result : Death. Remarks : Tapped 5 times ; 8 litres ; milky fluid ; ‘ hydrojis 
adiposus’ ; microscopically free fat and degenerated cells containing fat. 

Case 13 (Quincke, 1875). Age 50. Sex M. Disease: Injury to abdomen, fractured 
ribs, 7-9 left side. Result : Death. Remarks : Autopsy ; 150 c.c. fluid ; milky ; right 
chylothorax; left hydrothorax ; chyle vessels of mesentery and intestinal mucosa not injected. 

Case 14 (Quincke, 1875). Age 30. Sex F. Disease : Trauma. Result : Death. 
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Remarks; Tapped 6 times; first tapping, 10 litres; milky fluid; microscopically free fat; 
autopsy ; no evidence of injury to thoracic duct or chyle vessels. 

Case 15 (Quincke, 1875). Age 33. SexF. Disease: Carcinoma of peritoneum. Result: 
Death. Remarks: Tapped; milky fluid ; ‘hydrops adiposus’ ; microscopically free fat. 

Case 16 (Quincke, 1875). Age 10. Sex F. Disease Tuberculous peritonitis. Remarks ; 
Tapped ; 5 litres ; mUky fluid ; ‘ hydrops adijjosus ’ ; microscopically free fat. 

Case 17 (Pelletier, 1875). Age 24. SexF. Result: Recovered. Remarks: Tapped; 
milky fluid ; chylothorax. 

Case 18 (Sydney Jones, 1875). Age 31. Sex M. Disease ; Lymphangeioma of leg. 
Remarks : Tapped 3 times ; milky fluid ; microscopically, lymphocytes, red cells, fine granules. 

Case 19 (Ballmann, 1876). Age 39. SexF. Disease : Tuberculous peritonitis. Result: 
Death. Remarks : Tapped once ; 8'53 litres ; milky fluid ; microscopically, small granules, 
no cells, no free fat ; thoracic duct not obstructed. 

Case 20 (Mehu, 1877). Disease: Cirrhosis of liver. Remarks: Milky fluid. 

Case 21 (Mehu, 1877). Disease : Albuminuria. Remarks : Milky fluid. 

Case 22 (Stem, 1880). Age: boy. Disease: No diagnosis. Result: ? Recovered. 
Remarks : Tapped. 

Case 23 (Smidt Guttmann, 1881). Age 11. Sex M. Disease; Chronic x>eritonitis. 
Result : Death. Remarks : Tapped once ; 6-35 litres ; milky fluid ; autopsy ; 2-0 litres ; 
milky fluid ; microscopically free fat ; thomcic duct and chyle vessels normal. 

Case 24 (Brieger, 1881). Age 44. Sex F. Disease : Carcinoma of stomach ; metastases 
in mesentery and liver. Result; Death. Remarks : Tapped 3 times ; 17 litres ; milky fluid; 
microscopically free fat, many cells containing fat ; thoracic duct not affected. 

Case 25 (Brieger, 1881). Age 50. Sex F. Disease : Carcinoma of stomach ; metastases 
in mesentery and liver. Result : Death. Remarks : Tapped twice ; 19 litres ; milky fluid ; 
autopsy, 4 litres ; microscopically free fat, no cells ; thoracic duct not affected. 

Case 26 (VeO, 1882). Age 25. Sex F. Disease: Liver cirrhosis. Result: Death. 
Remarks : Milky fluid. 

Case 27 (Gaucher, cited by Veil, 1882). Age 47. Sex M. Disease : Cirrhosis of liver. 
Result ; Death. Remarks : Milky fluid ; microscopically free fat. 

Case 28 (Gaucher, cited by Veil, 1882). Age 39. Sex M. Disease : Cin-hosis of liver. 
Result : Death. Remarks : Tapped twice, ordinary ascitic fluid ; later tappings, milky fluid ; 
microscopically free fat. 

Case 29 (Gaucher, cited by Veil, 1882). Age 11. Disease: Sarcoma of omentum and 
mesentery. Result : Death. Remarks ; Milky fluid ; thoracic duct normal. 

Case 30 (Enzmann, 1883). Age 60. Sex P. Disease : Carcinoma of uterus. Result : 
Death. Remarks ; Autopsy ; 30 c.c. ; dark yellow fluid ; thoracic duct carcinomatous at 
origin and irregularly dilated; bilateral hydrothorax. 

Case 31 (Recklinghausen, 1883), Result: Death. 

Case 32 (Letulle, 1884). Age 8. Sex M. Disease : Llorbus cordis. Result : Death. 
Remarks : Tapped once ; 2-0 litres ; milky fluid ; microscopically free fat ; bilateral hydro- 
thorax ; no autopsy. 

Case 33 (Whitla, 1885), Age 13. Sex M. Disease: Miliary tuberculo.sis. Result: 
Death. Remarks : Tapped 6 times ; 72 litres ; milky fluid ; microscopically no free fat ; cellular 
elements present, and finely granular material ; receptaculura chyli dilated, with small perfora- 
tion at lower end. 

Case 34 (Senator, 1885). Sex F. Disease : Carcinoma of ovary, metastases in peritoneum. 
Result : Death. Remarks : Milky fluid ; ‘ hydrops adiposus 

Case 35 (Letulle, 1885). Age 2 {-^. Sex M. Disease: No diagnosis made. Result: 
Recovered. Remarks : Tapped 4 times ; 13 litres ; milky fluid. 

Case 36 (Schaller, 1886). Age 10. SexM. Disease ; Lympho-sarcoma of retroperitoneal 
glands. Result: Death. Remarks: Autopsy; milky yellow fluid ; thoracic duct involved at 
its origin. 

Case 37 (Strauss, 1886). Age 61. Sex M. Disease : Carcinoma of pylorus, generalized 
peritoneal metastases; rupture of chyle vessel in mesentery. Result: Death. Remarks: 
Tapi)ed 3 times ; 12 litres ; milky fluid contains fine fat granules ; thoracic duct not obstructed. 
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Case 38 (Duffey, 1886). Age 52. Sex F. Disease: Chronic tuberculosis. Eesult: 
Death. Eemarks : Tapped 3 times ; milky fluid ; contains no free fat, microscopicallj^ ; large 
granular cells. 

Case 39 (Murphy, 1886). Age 19. Sex F. Disease : ? Trauma. Result : Recovered. 
Remarks : Laparotomy ; milky fluid. 

Case 40 (Minkowski, 1886). Age 56. Sex M. Result : Recovered. Remarks : Tapped 
5 times ; 27'S litres ; milky fluid. 

Case 41 (Rabinowitz, 1887). Age 45. Sex F. Disease : Miliary tuberculosis of perito- 
neum and pleura. • Result : Death. Remarks : Tapped 3 times ; 10 litres ; turbid yellow 
fluid ; microscopically free fat. 

Case 42 (Rabinowitz, 1887). Age 59. Sex F. Disease : Carcinoma of gall-bladder, 
metastases in mesentery. Result : Death. Remarks : Tapped once ; turbid milky fluid ; 
contains free fat ; cellular elements contain fat ; compression and distension of lymphatics. 

Case 43 (Secretau, 1887). Age 58. Sex F. Disease : Tuberculous peritonitis, chronic 
nephritis. Result : Death. Remarks : Tapped 4 times ; 30 litres ; milky fluid ; contains 
free fat. 

Case 44 (Terillon, 1888). Age 35. Sex F. Disease : No diagnosis. Result : Recovered. 
Remarks : Tapped twice and laparotomy ; 22-5 litres ; milky brown fluid, consisting of a fine 
emulsion of free fat ; peritoneum injected ; lymphatics normal. 

Case 45 (Hirschler and Buday, 1889). Age 31. Sex M. Disease : Generalized carcino- 
matosis of peritoneum. Remarks : Tapped twice ; 14-5 litres ; milky fluid ; contains free fat. 

Case 46 (Haswell, 1889). Age 26. Sex M. Disease : Sarcoma of pelvis, metastases in 
abdominal glands and lungs. Result ; Death. Remarks : Tapped 6 times ; 568 oz. ; autopsy, 
large quantity of fluid ; does not contain free fat, but granular cells ; thoracic duct involved 
in growth. 

Case 47 (Smith (quoted by Busey), 1889). Age 9. Sex M. Disease: No diagnosis. 
Remarks : Tapped once ; 28 pints ; milky fluid ; contains lymph cells and a few red cells. 

Case 48 (Newcomb, 1890). Age 2. SexM. Disease : No diagnosis. Result : Recovered. 
Remarks : Tapped twice ; 2-5 litres ; milky white fluid ; no free fat ; granular cells. 

Case 49 (Renvers, 1890). Age 36. Sex F. Disease : Cirrhosis of liver, facial erysipelas, 
thrombosis of veins at superior thoracic opening, purulent peritonitis. Result : Death. 
Remarks ; Tapped ; milky fluid ; contains free fat and leucocytes ; bilateral hydrothorax ; 
thoracic duct dilated and tortuous and obstructed at entrance to veins. 

Case 50 (Curwen (Fenwick), 1890; Smith, 1891). Age 67. Sex F. Disease: Miliary 
carcinoma of peritoneum. Result: Death. Remarks: Tapped 4 times; 17-5 litres; milky 
fluid (at the autopsy fluid was clear) ; contains free fat ; thoracic duct normal ; perihepatitis ; 
right hydrothorax. 

Case 51 (Reichenbach, 1891). Age 58. SexM. Disease: Lympho-sarcoma. Result: 
Death. Remarks : Tapped 3 times ; 17-75 litres ; milky fluid ; contains free fat, moderate 
cellular content. Right chylothorax. 

Case 52 (Zawadzky, 1891). Age 67. Sex F. Disease : Carcinoma of stomach, generalized 
carcinomatosis of peritoneum. Result : Death. Remarks : Tapped 3 times ; milky fluid ; 
thrombosis of innominate and left subclavian vein ; chylothorax. 

Case 53 (Martin, 1891). Age 39. Sex F. Disease : Thrombosis of left subclavian vein. 
Result : Death. Remarks ; Tapped twice ; 7-3 litres ; milky yellow fluid ; contains free fat, 
and a few leucocytes ; intestinal lymphatics dilated and containing milky fluid ; chylo- 
thorax. 

Case 54 (Nieuwondt and Rozenzweig, 1892). Age l^ij. Sex F. Disease ; Chronic 
peritonitis, ? tuberculous. Result: Recovered. Remarks: Tapped 11 times; 19-32 litres; 
milky fluid containing free fat. 

Case 55 (Pounds, 1892). Age 10. SexF. Disease : Tuberculous peritonitis. Result: 
Recovered. Remarks : Laparotomy ; 4-5 litres ; milky fluid. 

Case 56 (Vali, 1892). Age 30. Sex F. ? Cirrhosis of liver, ? malignant disease of 
abdomen. Remarks : Tapped many times ; milky white fluid ; contains free fat, lymph cells, 
and red cells. 

Case 57 (Lion, 1893). Age 57. Sex F. Disease: Carcinoma of left ovaty. Result: 
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Remarks : Tapped 6 times ; first tapping, 10 litres ; milky fiuid ; microscopically free fat ; 
autopsy ; no evidence of injury to thoracic duct or chyle vessels. 

Case 15 (Quincke, 1875). Age 33. Sex F. Disease : Carcinoma of peritoneum. Result : 
Death. Remarks: Tapped; milky fluid ; ‘ hydrops adiposus ’ ; microscopically free fat. 

Case 16 (Quincke, 1875). Age 10. SexF. Disease:.? Tuberculous peritonitis. Remarks: 
Tapped ; 5 litres ; milky fluid ; ‘ hydrops adiposus ’ ; microscopically free fat. 

Case 17 (Pelletier, 1875). Age 24. SexF. Result: Recovered. Remarks: Tapped; 
milky fluid ; chylothorax. 

Case 18 (Sydney Jones, 1875). Age 31. Sex M. Disease: Lymphangeioma of leg. 
Remarks : Tapped 3 times ; milky fluid ; microscopically, lymphocytes, red cells, fine granules. 

Case 19 (Ballmann, 1876). Age 39. SexF. Disease : Tuberculous peritonitis. Result: 
Death. Remarks: Tapped once; 8-53 litres; milky fluid; microscopical^, small granules, 
no cells, no free fat ; thoracic duct not obstructed. 

Case 20 (Mehu, 1877). Disease: Cirrhosis of liver. Remarks: Milky fluid. 

Case 21 (Mehu, 1877). Disease: Albuminuria. Remarks : Milky fluid. 

Case 22 (Stem, 1880). Age: boy. Disease: No diagnosis. Result: ? Recovered. 
Remarks : Tapped. 

Case 23 (Smidt Guttmann, 1881). Age 11. Sex M. Disease : Chronic peritonitis. 
Result : Death. Remarks : Tapped once ; 6*35 litres ; milky fluid ; autopsy ; 2-0 litres ; 
milky fluid ; microscopically free fat ; thoracic duct and chyle vessels normal. 

Case 24 (Brieger, 1881). Age 44. Sex F. Disease : Carcinoma of stomach ; metastases 
in mesentery and liver. Result : Death. Remarks : Tapped 3 times ; 17 litres ; milky fluid ; 
microscopically free fat, many cells containing fat ; thoracic duct not affected. 

Case 25 (Brieger, 1881). Age 50. Sex F. Disease : Carcinoma of stomach ; metastases 
in mesentery and liver. Result: Death. Remarks: Tapped twice ; 19 litres ; milky fluid; 
autopsj’, 4 litres ; microscopically free fat, no cells ; thoracic duct not affected. 

Case 26 (Veil, 1882). Age 25. Sex F. Disease : Liver cirrhosis. Result : Death. 
Remarks : Jlilky fluid. 

Case 27 (Gaucher, cited by Veil, 1882). Age 47. Sex M. Disease : Cirrhosis of liver. 
Result : Death. Remarks : Milky fluid ; microscopically free fat. 

Case 28 (Gaucher, cited by Veil, 1882). Age 39. Sex M. Disease : Ciirhosis of liver. 
Result : Death. Remarks : Tapped twice, ordinary ascitic fluid ; later tappings, milky fluid ; 
microscopically free fat. 

Case 29 (Gaucher, cited by Veil, 1882). Age 11. Disease: Sarcoma of omentum and 
mesentery. Result : Death. Remarks ; Milky fluid ; thoracic duct normal. 

Case 30 (Enzmann, 1883). Age 60. Sex F. Disease : Carcinoma of uterus. Result : 
Death. Remarks : Autopsy ; 30 c.c. ; dark yellow fluid ; thoracic duct carcinomatous at 
origin and irregularly dilated ; bilateral hydrothorax. 

Case 31 (Recklinghausen, 1883). Result : Death. 

Case 32 (Letulle, 1884). Age 8. Sex M. Disease : Morbus cordis. Result : Death. 
Remarks : Tapped once ; 2 0 litres ; milky fluid ; microscopically free fat ; bilateral hydro- 
thorax ; no autopsy. 

Case 33 (Whitla, 1885). Age 13. Sex M. Disease : Miliary tuberculosis. Result : 
Death. Remarks : Tapped 6 times ; 72 litres ; milky fluid ; microscopically no free fat ; cellular 
elements present, and finely granular material ; receptaculum chyli dilated, with small perfora- 
tion at lower end. 

Case 34 (Senator, 1&S5). Sex F. Disease : Carcinoma of ovary, metastases in peritoneum. 
Result : Death. Remarks : Milky fluid ; ‘ hydrops adiposus ’. 

Case 35 (Letulle, 1885). Age 2j^. Sex M. Disease: No diagnosis made. Result: 
Recovered. Remarks : Tajjped 4 times ; 18 litres ; milky fluid. 

Case 36 (Schaller, 1886). Age 10. SexM. Disease : Lympho-sarcoma of retroperitoneal 
glands. Result : Death. Remarks : Autopsy ; milky yellow fluid ; thoracic duct involved at 
its origin. 

Case 37 (Strauss, 1886). Age 61. SexM. Disease : Carcinoma of pylorus, generalized 
peritoneal metastases; rupture of chyle vessel in mesentery. Result: Death. Remarks: 
Tapjied 3 times ; 12 litres ; milky fluid contains fine fat granules ; thoracic duct not obstructed. 
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Case 77 (Corselli and Frisco, 1896). Age 40. Sex F. Lympho-sarcoma of retroperitoneal 
glands. Besult: Death. Remarks : Tapped once; large quantity of milky fluid; cells of 
vaiying size in fluid ; no autopsy allowed. 

Case 78 (Corselli and Frisco, 1896). Age 40. Sex M. Disease: Sarcoma of retro- 
peritoneal glands, metastases in Hver. Result: Death. Remarks: Tapped once ; 9 litres; 
autopsy, 4 litres ; no metastases in thorax ; same characters as preceding. 

Case .79 (Corselli and Frisco, 1896). Ago 30. Sex F. Disease : Growth in abdomen in 
umbilical region. Remarks : Tapped once ; turbid milky fluid, microscopically and chemically 
same as two previous cases. 

Case 80 (Merklen, 1897). Age 61. Sex F. Disease: Cirrhosis of liver (atrophic) 
(traumatic injury to lacteals). Result: Death. Remarks: Tapped once; 11 litres; milky- 
fluid ; free fat, leucocytes and endothelial cells; left chylothorax. 

Case 81 (Soupault, 1897). Age 40. Sex F. Disease : Carcinoma of caecum. Remarks ; 
Tapped once ; milky fluid ; contained many mononuclear cells fllled with retractile granules ; 
polynuclear cells. 

Case 82 (Bayer, 1897). Age 19. Sex M. Disease: Tuberculous peritonitis. Result: 
Recovered. Remarks : Tapped twice ; 12'35 litres ; milky fluid, contained free fat ; chylous 
fluid. 

Case 83 (Rotmann, 1897), Age 42. SexM. Disease: Carcinoma of stomach, metastases 
in peritoneum and mesenteric glands. Result : Death. Remarks : Tapped twice ; 9'6 litres ; 
milky fluid ; free fat ; thoracic duct compressed at origin by gro-wth ; chyle vessels dilated. 

Case 84 (Rotmann, 1897). Age 59. Sex M. Disease : Carcinoma of stomach, metastases 
in liver. Result : Death. Remarks : 400 c.c. of turbid yellow fluid obtained at necropsy ; 
free fat ; fatty degeneration of peritoneum. 

Case 85 (Sarrazin, 1897). Sex F. Disease: Cysto-carcinoma of ovary, metastasis in 
mesenteric glands. Besult : Death. Remarks : Tapped many times ; about 62 litres ; richly 
cellular milky fluid ; chyle vessels of mesentery varicose and dilated ; thoracic duct obstructed 
at origin by secondary deposit ; permeable in thorax but not in abdomen ; chylothorax. 

Case 86 (Mackie Whyte, 1897). Age 21, SexF, Disease : Morbus cordis, ? tuberculosis, 
? obstruction of thoracic duct in neck by tuberculous glands. Result : Death. Remarks : 
Tapped once ; 4-348 litres ; milky fluid ; no free fat ; bilateral chylothorax and ch3do- 
pericardium ; no post-mortem. 

Case 87 (Hirtz and Luys, 1897)- Age 57. Sex F. Disease : Carcinoma of stomach, 
metastases in mesentery, pancreas and prevertebral glands. Result : Death. Remarks : 
Tapped once ; 8-5 litres, and 9 litres at necropsy; free fat ; thoracic duct embedded in growth. 

Case 88 (Rendu, given in 1897, discussing Hirtz and Luys’s case). Sex F. Disease: 
Morbus cordis, enlarged liver. Besult: Recovered. Remarks: Tapped 4 times, ordinary 
ascites ; next two tappings, milky fluid ; later tappings, ordinary ascites ; R. suggests rupture of 
thoracic duct as cause of the milky ascites. 

Case 89 (Ceconi, 1897). Age 41. Sex M. Disease : Ascites and pleurisy, ? origin. 
Result : Death. Remarks : Tapped twice ; 14 Utres. 

Case 90 (Ringer, 1897). Age 46. Sex M. Disease: Lymphadenoma, albuminuria. 
Result : Death. Remarks : Tapped once ; 3-5 litres ; milky fluid which clotted ; free fat ; 
thoracic duct compressed in chest. (Described by Batty Shaw.) 

Case 91 (Apert, 1897). Age 43. Sex M. Disease : Morbus cordis, plumbism, peri- 
hepatitis. Result: Death. Remarks: Tapped 20 times, from May to October, 1896 ; Oct. 20 
milky fluid and subsequently every 12 days up to February, 1897, when he died; 10-15 litres 
of milky fluid removed each time ; free fat ; thoracic duct not obstructed. 

Case 92 (Day, 1897). Age 54. Sex M. Result : Recovered. Remarks : Tapped many 
times from 1895 to 1897 ; 555 litres ; free fat. 

Case 93 (Hddlmoser, 1898). Age 59. Sex M. Disease: Morbus cordis. Result: 
Recovered. Remarks : Tapped once ; 5-8 litres ; free fat ; no cellular elements. 

Case 94 (Czerny, 1898). Age 18. Sex F. Disease : Angio-sarcoma of ovary. Remarks : 
Tapped once ; 4-5 litres ; milky fluid ; free fat. 

Case 95 (Ceconi, 1899). Age 46. Sex M. Disease : Cirrhosis of liver, chronic peritonitis. 
Result : Death. Remarks : Tapped 7 times ; 37 litres ; milky fluid ; free fat ; lymphocytes ; 
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endothelial cells ; polynuclear cells containing fat ; autopsy, 1 litre clear fluid ; thoracic duct 
not ohstructed. 

Case 90 (Ceconi, 1898). Age 49. Ses M. Similar case in all particulars to No. 95. 

Case 97 (Eshner, 1899). Age 25. Sex M. Disease ; Acute tuberculosis. Result : 
Death. Remarks : 150 c.c. milky fluid found in pelvis at necropsy. 

Case 98 (Talma, 1900). Age 67. Disease: Cirrhosis of liver, chronic jjeritonitis. 
Result; Death. Remarks; Tapped; milky fluid; ‘ Talma ’ operation ; no necropsy; milkiness 
said to he due to Hammarsten’s mucoid substance. 

Case 99 (Schterhatscheff, 1900). Sex it. Disease : Syphilis, renal symptoms. Result : 
Death. Remarks : ililky fluid obtained at post mortem ; no free fat. 

Case 100 (Widal and Merklen, 1900). Age 50. Sex it. Disease: Hypertrophic 
cirrhosis of liver, tuberculosis of lungs. Result; Death. Remarks: Tapped twice; 12-5 
litres ; milky fluid ; no free fat ; lymphocytes 100,000 per c.mm., and leucocytes ; no fatty 
degeneration in cells ; blood serum not opalescent ; thoracic duct not obstructed. 

Case 101 (Vaquez and Esmonet, 1900). Age 63. SexM. Disease : Malignant disease of 
abdomen. Remarks : Tapped 4 times ; 2-5 litres ; milky fluid ; free fat leucocytes and 
red cells. 

Case 102 (Siredey, given in discussing the previous case, 1900). Age 60. Sex M. 
Disease ; Cirrhosis of liver. Result : Death. Remarks : Tapped 5 times ; milky fluid ; 
first two tappings 29 litres of milky fluid ; next three progressively less milky ; sixth tapping 
13 litres of serous citron fluid. 

Case 103 (Tariot, 1900). Age 4. SexF. Disease : Chronic nephritis (post diphtheritic), 
anasarca, coma. Result; Recovered. Remarks; Tapped 3 litres milky fluid when un- 
conscious ; recovered consciousness directly after tapping. 

Case 104 (Variot, 1900). Age 11. Sex M. Disease: Chronic nephritis, anasarca. 
Remarks : Tapped ; milky fluid ; free fat ; blood serum opalescent ; urine opalescent and 
contained 0-02% of fat ; boy on milk diet. 

Case 105 (Michelli and Mattirolo, 1900). Age 60. Sex M. Disease : Cirrhosis of liver, 
chronic peritonitis. Result: Death. Remarks; Tapped; milky yellow fluid; free fat; 
bilateral chylothorax. 

Case 106 (Michelli and Mattirolo, 1900). Age 20. Sex M. Disease: Carcinoma of 
pancreas, metastases in peritoneum and liver. Result : Death. Remarks : Tapped ; 10-5 
litres milky fluid ; free fat, leucocytes, and endothelial cells. 

Case 107 (Michelli and Mattirolo, 1900). Age 27. SexM. Disease : Sarcoma of spleen, 
secondary to growth in abdominal glands. Result: Death. Remarks: Tapped; milky 
3 'ellowish fluid ; no free fat. 

Case 108 (Michelli and Mattirolo, 1900). Age 19, Sex M. Disease: Adhesive peri- 
carditis. Result: Death. Remarks; Tapped; milky fluid, contains finely granular 
material, leucocytes, endothelial cells ; thoracic duct normal. 

Case 109 (Michelli and Mattirolo, 1900). Disease : Cirrhosis of liver. Result : Death. 
Remarks : Milky yellow fluid ; no free fat, but leucocytes and endothelial cells. 

Case 110 (Michelli and Mattirolo, 1900). Disease; Cirrhosis of liver. Remarks: Same 
as preceding fluid. 

Case 111 (Michelli and Mattirolo, 1900). Disease : Tuberculous peritonitis, tuberculosis 
of apex of right lung. Remarks ; Fluid same as preceding. 

Case 112 (Slichelli and ^Mattirolo, 1900). Disease; Cirrhosis of liver. Remarks; Fluid 
same as preceding. 

Case 113 (Michelli and Mattirolo, 1900). Disease: Tuberculous peritonitis. Remarks: 
Fluid same as preceding. 

Case 114 (Michelli and Mattirolo, 1900). Disease; Calcified pericardium. Result; 
Death. Remarks : Fluid same as preceding. 

Case 115 (Michelli and Mattirolo, 1900). Remarks: Endothelial cells containing fat, 
otherwise fluid same as preceding ; bilateral chylothorax. 

Case 116 (Ascoli, 1900). Disease: Tuberculous peritonitis, tuberculosis of lungs and 
pleura. Remarks: Milky yellowish fluid; no free fat, but leucocytes and endothelial 
cells. 
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Case 117 (Gross, 1900). Age 40. Sex M. Disease : Carcinoma of stomach. Result : 
Death. Remarks : Tapped twice ; milky fluid ; no free fat, but leucocytes and red cells. 

Case 118 (PoljakolF, 1900). Age 48. Sex P. Disease : Syphilitic disease of liver, 
nephritis. Result : Recovered. Remarks : Tapped ; 9 litres ; milky fluid ; no free fat, but 
leucocytes and endothelial cells, and fine granules. 

Case 119 (Halliday Croom, 1900). , Age 39. Sex P. Disease: Cancer of pylorus, 
metastases in mesentery and miliary deposits on small intestine. Result : Death. Remarks : 
Tapped twice ; 20.74 litres ; milky fluid ; contains finely emulsified fat and granular debris ; 
thoracic duct obstructed by external pressui'e at origin. 

Case ‘120 (Kahn, 1900). Age 66. Sex P. Disease : Carcinoma of stomach, generalized 
peritoneal carcinomatosis, metastases in abdominal glands. Result: Death. Remarks: 
Tapped once; milky fluid, and 3 litres at necropsy; free fat; no leucocytes or other cells; 
thoracic duct involved in growth in origin. 

Case 121 (Nathan Larrier, 1900). Age 65. Sex F. Disease: Carcinoma of ovary, 
metastases in abdominal glands, jaundice. Result : Death. Remarks ; 2-5 litres ; yellowish 
milky fluid found at necropsy ; free fat ; leucocytes, endothelial cells, cancer cells ; bilateral 
hydrothorax ; thoracic duct involved at origin. 

Case 122 (Jousset, 1900). Age 38. Sex P. Disease: General lymphatic tuberculosis. 
Result: Death. Remarks; Chylous ascites found at necropsy ; bilateral chylothorox ; blood 
serum opalescent; thoracic duct normal. 

Case 123 (Jousset, 1900). Age 65. SexM. Disease : Atrophic cirrhosis of liver. Result: 
Death. Remarks : Tapped 18 times ; last time only, milky fluid contained red cells and 
leucocytes. 

'Case 124 (Bernard, cited by Jousset, 1900). Age 42. Sex P. Disease: ? Atrophic 
cirrhosis of liver. Remarks : Tapped twice ; 24 litres ; opalescent fluid. 

Case 125 (Witte, 1901). Age adult. Sex P. Disease: ? Thrombosis of thoracic duct. 
Result: Recovered. Remarks; Tapped 59 times from June 1896 to Oct. 1898, each time 
6-12 litres ; about 700 litres ; milky fluid containing free fat ; chylothorax. 

Case 126 (Lea, 1901). Age 58. Sex P. Disease: Pelvic sarcoma, chronic peritonitis. 
Result : Recovered. Remarks : Laparotomy ; 3*9 litres ; milky fluid ; drained for 6 days ; 
no reaccumulation of fluid ; well 4 years later ; contains free fat and leucocytes. 

Case 127 (Souques, 1902). Age 61. Sex M. Disease: Atrophic cirrhosis of liver. 
Result: Death. Remarks: Tapped twice; 28 litres; post mortem 10 litres; milky fluid; 
probably free fat ; leucocytes. 

Case 128 (Achard and Laubry, 1902). Age 44. Sex M. Disease : Atrophic cirrhosis of . 
liver. Result : Death. Remarks : Tapped 4 times ; 23 litres ; clear yellow fluid ; later 
tapped 3 times ; 26-5 litres ; milky fluid containing free fat, lymphocytes, and mononuclear 
cells, with fat globules ; thoracic duct normal ; mesentery shrunken ; blood serum not opalescent ; 
right chylothorax. 

Case 129 (Achard and Laubry, 1902). Age 65. Sex M. Disease : Carcinoma of colon, 
metastases in liver, cirrhosis of liver (alcoholic). Result : Death. Remarks : Tapped once ; 

3 litres ; latescent fluid ; contains free fat, red cells, mononuclear leucocytes, and lympho- 
cytes. 

Case 130 (Menetier and Gauckler, 1902). Age 53. Sex P. Disease: Carcinoma of 
stomach, metastatic deposits in lung (thrombosis of vessels). Result: Death. Remarks; 

4 litres ; milky fluid obtained post mortem ; contains free fat ; cells containing fat ; thoracic 
duct cancerous throughout whole length ; bilateral chylothorax. 

Case 131 (Pagenstecher, 1902). Age Sex P. Disease ; Chronic peritonitis. 
Result : Recovered. Remarks : Tapped twice and at laparotomy ; S-S litres ; milky fluid ; 
free fat ; a few leucocytes ; lymph radicles of mesentery dRated and some cystic with milky 
fluid ; thoracic duct not obstructed in abdomen. 

Case 132 (Mosse, 1902). Age 68, Sex F. Disease : Chronic parenchymatous nephritis, 
pulmonary tuberculosis, amyloid disease, morbus cordis. Result: Death. Remarks: Tapped 
twice ; 3-5 litres ; milky fluid ; contains leucocytes and granular material. 

Case 133 (Hutchison, 1902). Age 32. SexM. Disease : Ascites (milky). Result: Re- 
covered. Remarks : Tapped once ; fluid showed a creamy layer on standing ; chjdous ; free fat. 

[Q. J. M., Jan., igu.] 0 
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Case 134 (Hutchison, 1902). Age 46. Sex M. Disease : Chronic nephritis. Hesult : 
Death. Remarks : First tapping clear fluid ; later milky pseudo-chylous ; no free fat. 

Case 135 (Burgess, 1903). Age 59. Sex M. Disease : Carcinoma of pancreas. Result: 
Death. Remarks: Tapped 3 times ; 15>6 litres; milky fluid; free fat, leucocytes, and granular 
cells ; thoracic duct obstructed. 

Case 136 (Combey and McKibhin, 1903). Age 61. Sex M. Disease : Cellulitis of right 
leg. Result : Death. Remarks : Tapped once ; 3-97 litres ; milky fluid ; contains minute 
granules microscopically ; lacteals in abdomen dilated and varicose ; thoracic duct obstructed ; 
left hydrothorax. 

Case 137 (Joachim, 1903). Disease: Cirrhosis of liver. Remarks: Tapped; 0-6 litre ; 
milky fluid ; hydropericardium. 

Case 138 (Clarkson, 1903). Ago 25. Sex M. Disease: Carcinoma of liver. Result: 
Death. Remarks : Tapped once ; 5-68 litres ; 1-7 litres post mortem ; yellowish milky fluid ; 
contains free fat and cells containing fat ; thoracic duct involved in growth at origin ; left 
chylothorax and right hydrothorax. 

Case 139 (Wolff, 1903). Disease: Malignant disease of abdomen. Result: Death. 
Remarks : Tapped 8 times ; 3 litres ; milky fluid. 

Case 140 (Bernert, 1903). Age 51. Sex M. Disease : Lymphosarcoma of abdominal 
glands, genemlized metastatic growths. Result: Death. Remarks: Tapped twice; 16'5 
litres ; milky fluid ; no free fat; at autopsy peritoneal fluid, reddish yellow colour, containing 
free fat, granular debris, cells containing fat, and red cells ; lymphatic vessels of mesentery 
distended ; right chylothorax ; left hydrothorax, which became later a chylothorax. 

Case 141 (Bernert, 1903). Age 30. Sex F. Disease : Carcinoma of ovary, peritoneal 
metastases, fibro-purulent peritonitis. Result : Death. Remarks : Tapped 3 times ; 28-2 
litres ; turbid milky fluid ; no free fat, but finely granular debris; left hydrothorax. 

Case 142 (Polyakofif, 1903). Age 24. Disease : Morbus cordis, syphilitic enlargement of 
liver. Result : Death. Remarks : Tapped 5 times in 6 months ; milky fluid ; no free fat, 
hut finely granular debris, a few leucocytes, and endothelial cells ; thoracic duct not obstructed ; 
no nephritis. 

Case 143 (Palmabo, 1904). Age 28. Sex M. Disease : Tuberculous peritonitis, chronic 
interstitial nephritis. Result : Death. Remarks : Tapped ; milky fluid ; chylous ; right 
chylothorax ; thoracic duct not obstructed ; ? rupture or dilatation of chyle vessels. 

Case 144 (Landolfi, 1904). Disease : Tuberculous peritonitis. Remarks : Tapped ; 
milky fluid. 

Case 145 (von Taboi-a, 1904). Disease: Carcinoma of stomach, secondary deposits in 
glands and peritoneum. Result : Death. Remarks : Tapped twice ; 13-5 litres ; yellowish 
milkj' fluid ; microscopically free fat ; chylous. 

Case 146 (Nehrkorn and Kaposi, 1904), Age 6. Sex M. Disease : Tuberculous peritonitis. 
Remarks : Tapped once ; clear fluid; second tapping millcy ; laparotomy; diagnosis confirmed ; 
drainage ; recovery ; rheumatic fever and morbus cordis before onset of peritonitis ; bilateral 
chylothorax. 

Case 147 (Zorab and Daw, 1904). Age 35. Sex F. Disease: Sarcoma (? primary in 
ovary). Result : Death. Remarks : Tapped twice ; ordinary ascitic fluid ; tapped 4 times 
later; all milky; many litres; free fat; bilateral chylothorax; ascites and chylothorax dis- 
appeared before death. 

Case 148 (Lambrior, 1905). Age 54. Sex M. Disease : Atrophic cirrhosis of liver (acute 
type). Result: Death. Remarks: Tapped once; 16 litres; 12 litres at necropsy; milky 
fluid ; contains free fat; thoracic duct normal. 

Case 149 (Lambrior, 1905). Age 51. Sex M. Disease: Atrophic cirrhosis of liver (acute 
t jye). Result : Death. Remarks : Tapped once ; 14 litres ; milky fluid ; characters same as 
preceding ; right chylothorax. 

Case 150 (Taylor and Fawcett, 1905). Age 31. Sex M. Disease: Chronic nephritis, 
anasarca. Result : Death. Remarks : Tapped 6 times ; milky fluid ; no free fat, but finely 
granular material ; legs tapped; clear fluid at first; later milky fluid; thoracic duct normal ; 
bilateral chylothorax at autopsy. 

Case 151 (J. G. Wilson, 1905). Age 35. Sex F. Disease : Sarcoma of retroperitoneal 
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glands, morbus cordis. ' Result: Death. Remarks: 1902: radical operation for femoral 
hernia, then found to have chyliform ascites, ?due to tuberculosis of peritoneum ; 1905 : milky 
fluid obtained postmortem, 1-2 litres, containing free fat and cellular elements of which 70 % 
Vere lymphocytes, 29 % large mononuclear, 1 % neutrophiles ; chylothoras.- 

Case 152 (Boston, 1905). Age 11. Sex M. Disease : Tuberculous peritonitis. Result: 
Death. Remarks: 2 litres of milky fluid at autopsy; thoracic duct patulous throughout 
whole length ; bilateral hydrothorax ; hydropericardium. 

Case 153 (McKelway, cited by Boston, 1905). Age 33. Sex F. Disease : Abortion 
(third month), sepsis. Result: Recovered. Remarks: Tapped; 0-5 litre; chylous fluid. 

Case 154 (Sommer, 1906). Age 51. Sex P. Disease : Carcinoma of ovary, metastases in 
retroperitoneal glands and liver and other organs. Result : Death. Remarks : Tapped 5 
times; 9-5 litres; yellowish milky fluid; free fat; right chylothorax; thrombosis of inferior 
vena cava ; thoracic duct carcinomatous throughout and comprfessed above receptaculum chyli. 

Case 155 (Zypkin, 1906). Age 22. Sex M. Disease : Chronic tuberculous peritonitis, 
neirhritis, colitis ulcerosa, amyloid disease of liver, spleen, • and kidneys. Result : Death. 
Remarks : Tapped twice ; 8-05 litres ; first tapping milky ; no free fat ; second, sero-haemor- 
rhagic fluid. 

Case 156 (Zypkin, 1906). Age 28. Sex F. Disease: Chronic tuberculosis, amyloid 
disease, atrophia universalis summa. Result : Death. Remarks : Tapped 4 times ; 20-5 
litres ; milky ; last tapping 7 litres of ordinary serous fluid ; ascitic fluid at necropsy milky ; 
right chylothorax. . . 

Case 157 (Herczel, 1906). Age 26. Sex P. Disease: Pyonephrosis (left side), 
nephrectomy. Remarks: Swelling of abdomen after operation, ? injury to chyle vessels; 
tapped tvrice ; 15-5 litres ; first tapping milky ; second a darker yellowish fluid with a thick 
cream; contains free fat and many lymphocytes ; increase in fat content of second sample 
due to a milk diet. 

Case 158 (Ghedini, 1906). Age 62. Sex M. Disease : Carcinoma of pancreas, metastases 
in peritoneum and liver. Result: Death. Remarks: Tapped 5 times in 3 months; last 
tapping only was milky, others clear; microscopically scanty cellular elements, some of which 
contain fat. 

Case 159 (Stroh, 1907). Age 62. Sex P. Disease : Cirrhosis of liver, chronic interstitial 
nephritis, amyloid disease. Result : Death. Remarks : Tapped 3 times ; 6-5 litres ; milky 
fluid ; no free fat ; thoracic duct not obstructed. 

Case 160 (G. Moorhead, 1907). Age 47. Sqx P. Disease : Cirrhosis of liver, chronic 
peritonitis, nephritis. Remarks : Tapped 8 times ; milky fluid ; no free fat or granules. 

Case 161 (Massing, 1907). Disease : Tuberculosis of ileum and colon, chronic parenchy- 
matous nephritis, enlargement of liver, tuberculosis of lungs. Result : Death. Remarks : 
Tapped once ; 2-2 litres, and a large quantityof milky fluid post mortem ; no free fat ; some 
cells with fatty degeneration ; thoracic duct and chyle vessels normal ; bilateral chylothoiax 
and chylopericardium. 

Case 162 (Massing, 1907). Age 39. Sex P. Disease : Eymphadenoma. Remarks : 
Tapped many times ; a clear fluid ; later 12 litres of turbid milky yellow fluid ; no free fat, but 
epithelial cells and red cells ; left hydrothorax. 

Case 163 (Massing, 1907). Age 63. Sex M. Disease : Carcinoma of stomach, metastases 
in peritoneum and liver. Remarks : Tapped once ; 4 litres ; turbid milky fluid ; no free fat ; 
a few epithelial cells and red cells. 

Case 164 ( Leschtschinski, 1907). Age 57. Sex M. Disease: Carcinoma of pancreas, 
metastases in mesenteric glands. Result : Death. Remarks : Tapped 4 times ; 35 litres ; 
milky fluid ; 7-5 litres post mortem ; contains free fat, endothelial cells, leucocytes, and cells 
undergoing fatty degeneration ; thoracic duct dilated at origin and obstructed by a thrombus 
at diaphragmatic opening, while the upper part of the duct is dilated and the walls thickened ; 
left chylothorax and left hydrothorax post mortem. 

Case 165 (Dock, 1907). Age 59. Sex M. Disease : Lymphosarcoma. Result : Death, 
Remarks : Tapped ; 2-45 litres ; a thin milky fluid containing lymjihocytes ; thoracic duct 
obstructed by growth throughout length ; right chylothorax. 

Case 166 (Pellner, 1907). Age 26. Sex M. Disease: ? Lymphadenoma. Result: 

0 2 
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Death. Remarks : fluid obtained at necropsy ; thoracic duct not obstructed ; 

normal. 

Case 167 (Strzyzowski, 1908). Age 56. Sex F. Disease: Carcinoma of caecum, 
metastases in liver. Result : Death. Remarks ; Tapped June 1906 ; 344 litres ; milky fluid ; 
free fat present ; August 1901, had had an ileocolostomy for growth ; May 1904, gastro- 
enterostomy for growth in stomach; died July 1906. 

Case 168 (Strzyzowski, 1903). Age 60. Sex P. Disease : Growth at -the hilum of the 
liver. Result: Death. Remarks: Milky fluid removed from abdomen. 

Case 169 (Moehle, 1896). Age 42. Sex M. Disease: Carcinoma of stomach, meta- 
stases in peritoneum and retroperitoneal glands. Result : Death. Remarks : Milky fluid ; 
chylous. 

Case 170 ("Winkler, 1900). Age 43. Sex P. Disease: Carcinoma of ovary. Result: 
Death. Remarks : Tapped ; 5 litres ; also fluid obtained at necropsy ; thoracic duct partly 
surrounded by growth. 

Case 171 (Author’s I, 1910). Age 43. Sex M. Disease: Chronic nephritis. Result: 
Recovered. Remarks : Tapped twice ; 21-86 litres ; milky fluid ; no free fat ; pseudo-chylous. 

Case 172 (Author’s II, Dr. T. J. Border, 1910). Age 42. Sex P. Result : Recovered. 
Remarks : Tapped 4 times ; milky fluid ; many litres ; free fat on one occasion ; pseudo- 
chylous. 

Case 173 (Author’s III, Dr. J. JI. Cowan, 1910). Age 61. Sex M. Disease: Chronic 
nephritis, ? cirrhosis of liver. Result : Recovered. Remarks : Tapped many times ; milky 
fluid ; no free fat ; pseudo-chylous. 


B. SYNOPSIS OP THE RECORDED CASES OF CHYLOUS AND 
PSEUDO-CHYLOUS HYDROTHORAX. 

Case 1 (Rokitansky, 1865). Age 62. Sex M. Disease : Jlorbus cordis. Result : Death. 
Remarks : Autopsy ; bilateral chylothorax ; milky fluid ; dilatation of pleural lymphatics ; 
thoracic duct obstructed ; walls dilated ; chylous ascites. 

Case 2 (Gueneau de Mussy, 1874). Age 50. Sex IM. Disease : Left pleural effusion of 
15 years’ standing. Result : Recovered. Remarks : Tapped 3 times ; about 5 litres ; milky 
fluid ; free fat but no cells. 

Case 3 (Gueneau de hlussy, 1874). Age 23. Sex M. Disease : Haemoptysis (probably 
pulmonary tuberculosis), left pleural effusion. Result : Recovered. Remarks : Tapped 
many times ; left pleura, greenish opaque fluid ; contains free fat. 

Case 4 (Quincke, 1875). Age 50. Sex M. Disease : Traumatic chylothorax, right side, 
fractured ribs 7-9, left side. Result : Death. Remarks : Tapped 3 times ; 5-8 litres ; right 
pleura, 7 litres post mortem ; left hydrothorax; 100 c.c. ; chylous ascites. 

Case 5 (Pelletier, 1875). Age 24. Sex P. Disease: Gastro-intestinal disorder, milky 
vomit, and milky diarrhoea. Result : Recovered. Remarks : Tapped ; milky fluid ; bilateral 
chylothorax. 

Case 6 (Boegehold, 1878). Age 43. SexM. Disease : Carcinoma of stomach, metastases 
in lungs. Result : Death. Remarks : Tapped 3 times ; autopsy, 5-4 litres ; left pleura, 
milky fluid ; contains free fat. 

Case 7 (Debove, 1881). Age 63. Sex M. Disease : Left pleural effusion following 
exposure. Result : Sudden death. Remarks : Tapped once ; 0-75 litre ; autopsy ; 2 litres ; 
milky fluid ; contains free fat, cholesterin, and leucocytes. 

Case 8 (Krabbel, 1885). Age 16. Sex M. Disease : Fracture of ninth dorsal vertebra, 
rupture of thoracic duct. Result: Death. Remarks: Autopsy; right pleural cavity; 
6 litres ; milky fluid ; chylous. 

Case 9 (Hampell, 1890). Disease : Pleurisy; milky fluid; no details. 

Case 10 (Neuenkirchen, 1890). Age 47. Sex F. Result; Recovered. Remarks: Left 
chylothorax for 5 years, then right chylothorax in 1884; tapped 9 times (1889-90) ; milky 
yellow fluid. 
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Case 11 (Chelchowski, 1890). Age 34. Sex M. Disease : Phthisis, fracture of fifth and 
sixth left ribs. Result : Recovered. Remarks : Right hydrothofax for 2 years previous to 
injuiy ; right chylothorax ; tapped many times ; milky fiuid. 

Case 12 (Chelchowski, 1890). Age 53. Sex- M. Disease ; Carcinoma of stomach, 
metastases in thoracic glands. Result: Death. Remarks: Left chylothorax. 

Case 13 (Eeichenbach, 1891). Age 58. Sex M. Disease : Lymphosarcoma. Result : 
Death. Remarks : No autopsy ; chyliform ; chyliform ascites ; tapped ; 2-25 litres. 

Case 14 (Reichenhach, 1891). Sex M. Disease: Lymphosarcoma. Result: Death. 
Remarks : Tapped many times ; bilateral chylothorax ; chylous ascites. 

Case 15 (Zawadzki, 1891). Age 67.- Sex P. Disease : Carcinoma of stomach, generalized 
carcinosis of peritoneum. Result : Death. Remarks : Milky fiuid found at autopsy ; chylo- 
thorax ; thrombosis of innominate and left subclavian vein ; chylous ascites. 

Case 16 (Fraenkel, 1891). Age 40, Sex M. Disease : Carcinoma of pleura, meningitis. 
Result : Death. Remarks : Tapped ; right pleura, milky fluid. 

Case 17 (Martin, 1891). Age 31. Sex F. Disease: Miliary tubercle of lung. Result: 
Death. Remarks: Tapped 5 times ; 7-9 litres ; milky fiuid; chylous. 

Case 18 (Leydhecker, 1893). Age 39. Sex F. Disease; Carcinoma of the pylorus, 
metastases in liver and lungs. Result ; Death. Remarks : Tapped once ; left hydrothorax ; 
300 c.c. ; autopsy ; bilateral chylothorax ; 1500 c.c. ; chylous fiuid ; thoracic duct infiltrated with 
growth ; pleural lymphatics dilated ; chylous ascites. 

Case 19 (Turney, 1893). Age 54, Sex M. Disease : Carcinoma of the pylorus. Result: 
Death. Remarks : Autopsy ; right chylothorax ; 2 pints ; milky fiuid ; chylous ; thrombosis 
of left subclavian vein ; ascites. 

Case 20 (Bargebuhr, 1894). Age 42. Sex M. Disease: Carcinoma of peritoneum, 
metastases in left lung and liver. Result: Death. Remarks: Autopsy; 0'75 litre; milky 
greyish fiuid ; somewhat viscid ; thrombosis of left subclavian vein. 

Case 21 (Port, 1894). Age 35. Sex M. Disease: Injury to spine, rupture of thoracic 
duct. Result : Recovery in 4 weeks. Remarks : Tapped once ; right chylothorax ; 3 litres ; 
reddish milky fiuid ; microscopically free fat and blood cells. 

Case 22 (Lockhart Gillespie, 1894). Disease : Lymphadenoma. Remarks : Chylothorax ; 
thoracic duct obstructed. 

Case 23 (Senator, 1895). Age 47. Sex F. Disease : Carcinoma of ovary, metastases in 
mesenteric glands. Result: Death. Remarks: Autopsy; bilateral chylothorax; same 
characters as ascitic fiuid ; thoracic duct obstructed. 

Case 24 (Lenhartz, 1895). Disease : Peritoneal carcinoma. Result: Death, Remarks: 
Autopsy ; left chylothorax. 

Case 25 (Lenhartz,- 1895). Disease: Carcinoma of bronchus. Result: Death. Remarks: 
Chylothorax. 

Case 26 (Bargebuhr, 1895). Age 31. SexF. Disease: Carcinoma of stomach, metastases 
in lungs. Result: Death. Remarks : Autopsy; 0-75 litre; milky greyish fiuid; somewhat 
viscid. 

Case 27 (Erb, 1896). Age 20. Sex M. Disease: Lymphangiectasis of left leg, and 
abdominal cavity and ‘dilatation of thoracic duct. Result : Death. Remarks ; Tapped 8 
times ; 30 litres from right pleural cavity ; yellowish milky fiuid ; microscopically many fine 
granules in active molecular movement ; chylous fiuid. 

Case 28 (Corselli and Frisco, 1896). Disease: Small-cell sarcoma, retroperitoneal growth. 
Result: Death. Remarks; Tapped; bilateral chylothorax ; autopsy ; right ifieura, 14 litres; 
left pleura, 04 litre ; milky fiuid ; same as ascitic fiuid. 

. Case 29 (Corselli and Frisco, 1896). - Age 24. Sex M. Disease; Malignant disease of 
abdomen, metastasis in liver. Result: Death. Remarks; Milky fiuid obtained from both 
pleural cavities at post-mortem ; ascites. 

Case 30 (Merklen, 1897). Age 61. Sex F. Disease: Cirrhosis of liver (atrophic), 
(traumatic injuiy to lacteals). Remarks : Left chylothorax ; Rke ascitic fluid. 

. Case 31 (Rotmann, 1897). Age 30. Sex M. Disease: Tuberculosis of lung, right 
pneumothorax. Remarks ; Tapped twice ; 1-3 litres ; right pleural cavity ; turbid milky fluid ; 
chyliform ; fat globules of varying size ; cells containing fat. • - ■ • 
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Case 82 (Sarrazin, 1897). .Sex F, Dieeaae : , Oystocarcinoma of ovary, metastases in 
abdominal glands. Eesult : Death. Remarks : Yellow turbid fluid obtained from pleural 
cavity at necropsy ; thoracic duct permeable in thorax, not in abdomen ; chylous ascites. 

Case 33 (Mackie Whyte, 1897). Age 21. Sex F. Disease : Morbus cordis, ? tuberculosis. 
Result : Death. Remarks : Tapped 8 times ; bilateral ; microscopically no fat ; a few 
leucocytes and finely granular debris ; chylous ascites and chylopericardium. 

Case 34: (Simon, 1899). Age 20. Sex M. Disease ; Lymphangiectasis of leg and 
visceral lymphatics. Result ; Death. .Remarks : Tapped ; first time clear fluid ; later milky ; 
right pleura ; thoracic duct compressed -by the convoluted l 3 rmph-vessels. 

Case 35 (Hahn, 1899). Age 32. Sex M. Disease *. Traumatic, rupture of thoracic duct. 
Result : Death. Remarks : Tapped 10 times ; 30*3 litres ; milky fluid ; right pleural cavity ; 
autopsy, 7 litres ; free fat. 

Case 36 (MicheUi and Mattirolo, 1899, 1900). Age 60. Sex M. Disease : Cirrhosis of 
liver, chronic peritonitis. Result : Death. Remarks : Yellowish milky fluid ; free fat ; 
chylous ascites. 

Case 37 (MicheUi and Mattirolo, 1899, 1900). Remarks : Bilateral milky eS’usions; no 
free fat ; endothelial cells containing fat ; chylous ascites. 

Case 38 (Jousset, 1900). Age 38. Sex F. Disease : General lymphatic tuberculosis. 
Result : Death. Remarks : Left pleura tapped 3 times ; 3-4 litres ; right pleura tapped once ; . 
1 litre ; thoracic duct normal ; chylous ascites. 

Case 39 (Jousset, 1900). Age 21. Sex F. Disease : ?New growth of pleura. Remarks : 
Left ideura tapped 4 times ; 4 litres ; milky fluid ; contained retractile granules ; no cells. 

Case 40 (Witte, 1901). Age adult. Sex P. Disease; ? Thrombosis of thoracic duct. 
Result: Recovered. Remarks ; Tapped 16 times over a period of six months; contains free 
fat, many red cells and a few leucocytes ; chylous ascites. 

Case 41 (S. Mutermilch, 1902). Age yir. Sex F. Disease : Injury to right side of chest. 
Remarks : Tapped once ; 115 c.c. ; right pleural cavity ; milky fluid ; microscopically finely 
granular material soluble in ether, forming large drops of fat ; cells containing fat ; chylous. 

Case 42 (Menetier and Gauckler, 1902). Age 53. Sex F. Disease ; Carcinoma of 
stomach, metastases in lungs, venous thrombosis of vessels at root of neck. Result : Death. 
Remarks: Bilateral chylotborax found postmortem; organized thrombus in left subclavian, 
and jugular veins ; recent thrombus in right subclavian and jugular veins ; distension of visceral 
lymphatics of lungs; thoracic duct cancerous throughout ; chylous ascites. 

Case 43 (Strauss, 1902). Age 44. Sex M. Disease: Tuberculosis of lungs. Result:. 
Death. Remarks : Tapped once ; 1-6 litres ; left pleural cavity ; milky fluid ; (ascites) ; right 
pleural cavity ; hydrothorax. 

Case 44 (Achard and Laubrj', 1902). Age 44. /Sex M. Disease : Atrophic cirrhosis of 
liver. Result: Death. Remarks: Right pleural cavity ; mOky fluid; chylous ascites. / 

Case 45 (Bayer, quoted by Fagenstecher, 1902). Disease : Tuberculous glands in neck, 

? tuberculosis of thoracic duct. Remarks : Right chylothorax ; chylous ascites. 

Case 46 (Clarkson, 1903). Age 25. Sex M. Disease: Carcinoma of liver. Result:. 
Death. Remarks : At autopsy, left pleural cavity full of milky fluid ; microscopically large 
droplets of free fat, and cells containing fat ; thoracic duct involved in growth in abdomen ; 
right hydrothorax ; chylous ascites. 

Case 47 (Beraert, 1903). Age 51. SexM. Disease : Lymphosarcoma, abdominal glands 
involved, generalized metastases. Result : Death. Remarks : Right pleural cavity tapped ; 
milky fluid ; 1 litre at post-mortem ; left pleural cavity tapped, clear fluid ; second tapping, 
milky fluid ; at autopsy, 0-5 litre ; brownish fluid ; ascites. 

Case 48 (Zorab and Daw, 1904), Age 35, Sex F. Disease : Sarcoma, ? primary in ovary. 
Result : Death. Remarks : Tapped once ; milkj- fluid ; left pleural cavity ; exploratory 
puncture, milkj- fluid ; right pleural cartty ; bilateral chj-lothorax disappeared before death ; 
chylous ascites. 

Case 49 (Wilson, 1905). Age 35. Sex F. Disease : Lymjihosarcoma, abdominal glands 
involved ; morbus cordis. Result : Death. . Remarks : Tapped several times over a period of 
17 months; microscopically finely granular emulsion of fat; cellular content ; 76 % lymphocj-tes ; ' 
22 % mononuclear ; 2 % polj-nuclear neutrophiles ; chj'lous ascites. 
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Case 50 (Zypkin, 1906). Age 28. Sex F. Disease : Chronic tuberculosis, amyloid 
disease. Result : Death. Reruarks : Tapped ; 04 litre ; milky greenish fluid from right side ; 
same type of fluid at necropsy ; chylous ascites. 

Case 51 (G-hedini, 1906). Age 47. Sex M. Disease : Chronic tuberculosis of lungs and 
peritoneum. Remarks : Tapped ; 500 c.c. ; right pleural cavity ; milky fluid ,* contains free fat, 
a few leucocytes, and endothelial cells containing fat; cholesterin crystals and fatty acid 
ciystals ; sero-fibrinous eifusion in peritoneum. 

Case 52 (Ghedini, 1906). 'Age 50. Sex M. Disease : Tuberculous broncho-pneumonia. 
Remarks : Milky fluid from pleural cavity ; contains free fat, leucocytes, and endothelial cells. 

Case 53 (Leschtschinski, 1907). Age 57. Sex M. Disease: Carcinoma of pancreas, 
metastases in abdominal glands. Result: Death. Remarks; Tapped ; left pleural cavity ; 
1'5 litres ; milky fluid ; 1-5 litres obtained post mortem ; not milky, but sero-haemorrhagic ; 
thoracic duct dilated at upper part ; chylous ascites. 

Case 54 (Dock, 1907). Age 59. Sex M. Disease: Lymphosarcoma. Result: Death. 
Remarks : Tapped once ; right side ; milky fluid ; microscopically lymphocytes ; no record of 
free fat ; at autopsy, right side contained a turbid greyish fluid. 

Case 55 (L. von Ketley, 1907). Ago 26. Sox M. Disease: No diagnosis, not malignant 
or tuberculous. Result : Recovered. Remarks : Right pleuml cavity tapped several times ; 
first milky, then serous, and finally opalescent ; all fluids except first contained free fat ; under 
observation for 2i years. 

Case 56 (L. von Ketley, 1907). Age 36. Sox F. Disease : Lymphosarcoma of media- 
stinum, thymic in origin, metastases in lungs, liver, and cervical glands. Result: Death. 
Remarks : Right pleural cavity contained milky fluid ante mortem, but serous fluid post 
mortem ; left pleural cavity contained, post mortem, 40 c.c. of opalescent fluid ; left innominate 
vein obliterated by growth ; thoracic duct normal. 

Case 57 (Fellner, 1907). Age 26. Sex M. Disease : ? Lymphadenoma, enlarged lymph 
glands, liver, and spleen. Remarks : Milky fluid found at necropsy ; right chylothorax ; 
thoracic duct normal, not compressed ; chylous ascites. 

Case 58 (Ormerod, J. A., 1907). Age 13. Sex M. Disease: Lymphadenoma. Result: 
Recovered. Remarks : Tapped 3 times ; 6-75 pints ; right pleural cavity ; mici'oscopically fat 
globules in fine suspension ; a few mononuclear and endothelial cells. 

Case 59 (Massing, 1907). Disease : Tuberculosis of lungs and intestines, chronic nephritis, 
enlargement of liver. Result : Death. Remarks : Bilateral chylothorax ; turbid milky fluid 
obtained post moi-tem ; same [characters as peritoneal fluid ; chyloijericardium ; thoracic duct 
normal. 

Case 60 (Buchtala, 1910). Sex M. Disease : Fracture of left clavicle, probable injury to 
thoracic duct. Result : Not stated. Remarks : Tapped once ; 0-5 litre ; left pleura ; yellow 
milky fluid ; contains flnely emulsified fat. 


C. SYNOPSIS OF THE RECORDED CASES OF MILKY PERICARDIAL EFFUSIONS. 

Case 1 (G.-Besanez). Disease : No information, chemical analyses alone given. 

Case 2 (Wachsmuth). Disease : No information, chemical analyses alone given. 

Case 3 (Hopi^e-Seyler). Disease : No information, chemical analyses alone given. 

Case 4 (Hasebroek, 1888). Sex M. Disease : ? Rupture of chyle vessel. . Remarks : 
Autopsy ; 22-6 c.c. ; milky turbid fluid ; microscopically fine chyle-like granules. 

Case 5 (Fraenkel, 1892). Age 44. Sex M. Disease: Primary carcinoma of pleura. 
Remarks : Autopsy ; 0-5 litre ; blood-stained milky fluid. 

Case 6 (Mackie Whyte, 1897). Age 21. SexF. Disease : Morbus cordis (? tuberculosis). 
Result : Death. Remarks : No autopsy ; milky fluid aspirated post mortem. 

Case 7 (Calabrese, 1899). Disease: Morbus cordis (mitral stenosis). 

Case 8 (Massing, 1907). Disease : Tuberculosis of lungs and intestines, chronic nephritis, 
enlargement of liver. Result : Death. Remarks : Chylopericardium found at necropsy ; 
fluid having the same characters as the peritoneal eff'usion ; bilateral chylothorax. 
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ON PNEUMOCOCCAL PEKITONITIS 


A PAPER BASED UPON A SERIES OF FIFTY-SEVEN CASES IN 
CHILDREN AND ONE IN AN ADULTS 

By HAROLD RISCHBIETH 
Introd'iictoi'y. 

Pneumococcal peritonitis is a disease which appears to give rise to 
considerable differences of opinion as regards its clinical picture, its morbid 
anatomy, the path by which infection occm-s, and the best method of treatment 
to be adopted. The condition seems to be considerably more common, at least 
in young children, than is often supposed, and it thus assumes some practical 
importance from the point of view of treatment, in addition to the scientific 
interest. On many points a good deal of obscurity exists, and it was felt that 
by the consideration of a series of cases, such as the fifty-seven ^ upon which 
this paper is based, some of this might perhaps be cleared up. 

In only about half of these oases is the diagnosis by bacteriological 
examination certain, but of the others, though no bacteriological examination 
was made, it can be said that they were pneumococcal, owing to their clinical 
and morbid anatomical resemblance to the other cases, which was exact in all 
respects. The following general statements may be made : — (1) A considerable 
■group of cases, showing, for the most part, multiple lesions, and comprising 
nearly one-third of cases in young children, seems to have escaped description 
and to have been omitted from statistics. It may be objected that these ai’e as 
much cases of pneumonia, meningitis, arthritis, pericarditis, &c., as of peritonitis ; 
but this is true of all other cases, though not to the same extent. The term 
pneumococeal ‘ peritonitis ’ may be appRed to this gi’oup with as much approxi- 
mation to accuracy as to the others. (2) The term ‘primary’, in whatever of 
several senses it may conceivably be employed, is inaccurate when applied to 
pneumococcal peritonitis. Thus, whether the term is used because no original 
diseased focus (appendix. Fallopian tube, &c.) is ever found on operation,® or is 

1 A thesis submitted for the degree of M.D., University of Cambridge. 

- The complete accounts of these cases are recorded in a pamphlet in the Library of the 
Royal College of Surgeons. They are those of the London Hospital and of the Hospital for Sick 
Children, Great Ormond Street. For the courtesy of permission to refer to the cases I am in- 
debted to Dr. Fi-ancis 'Warner, Dr. Percy Kidd, Dr. Bertrand Dawson, Dr. A. E. Garrod, 
Dr. A. F. Voelcker, Dr. D. B. Lees, Dr. F. E. Batten, Dr. F. Penrose, Jlr. F. S. Eve, Mr. Arbuth- 
not Lane, Mr. F. J. Steward, Mr. Jonathan Hutchinson, Mr. Stansfield Collier, Mr. T. H. Kellock, 
Mr. E. M. Comer, Mr. T. H. Openshaw, Mr. H. M. Rigby, Mr. James Sherren, and Mr. G. E. Waugh. 

^ Cases of perforation of a viscus by ulceration, malignant or other, e. g. perforation of 
stomach, are not considered here. In the peritonitis resulting from such conditions the variety 
of organisms is great ; the pneumococcus may, of course, be one. But the clinical and morbid 
[Q. J.M., Jan., 1911.] 
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applied to cases in -whicli there is no present evidence of pneumonia, or to 
imply that pneumococcal peritonitis occurs without other lesions, it is equally 
inaccurate. Pneumococcal peritonitis, like other varieties of general peritonitis, 
is always secondary, but not to a single focus of disease as in that following 
appendicitis, perforation of viscus, volvulus, &c., but to septicaemia, resembling 
one variety of tuberculous peritonitis in this respect. (3) The view that the 
condition is secondary to pneumococcal septicaemia is the only one that is 
capable of explaining all cases. It is unnecessary to regard any case (of the 
two more usual types for example) as ‘ peritonitis secondary to pneumonia ’ or 
as ‘ pneumonia secondary to peritonitis *, for the two conditions are independent 
of one another but dependent upon the same cause, namely, pneumococcaemia. 

Experimental medicine (7, 14, 15, 16, 18, 20, 22) teaches that cases of 
pneumonia are instances of pneumococcal septicaemia in Avhich a secondary 
local lesion has arisen at the site of lowered resistance, the lung lesion being, 
in this view, analogous to such conditions as pneumococcal arthritis, epiphysitis 
periostitis, or to the subcutaneous pneumococcal abscesses which sometimes arise 
without evidence of lung lesion on the -sites of bruises in children. The clinical 
and anatomical facts of the condition under consideration entirely support this 
view if all cases are considered and the whole history of the infection is regarded 
in each. The view, at first sight more probable, that the lung lesion is primary, 
corresponding to the site of inoculation in experiments on animals, is incom- 
patible -with cases in which pneumonia develops days after peritonitis and the 
analogous facts of conditions such as arthritis, periostitis, meningitis, and 
pneumococcal pyaemic abscesses. (4) Two forms are commonly described, the 
local and the general. These are not different varieties ; the local cases repre- 
sent the later stages of a general peritonitis in which the resistance has 
triumphed, and, either because this was gi-eat or because the dose or virulence 
was small, absorption and localization have occuixed. There is no proof that 
'these are produced by two difierent types of organism. (5) Pneumococcal peri- 
tonitis in adults, to judge from published cases and from three known to me, 
presents the same clinical and morbid anatomical features and types of case 
as in children ; but there are the following differences : — It is rarer in adults than 
in children; the proportion of females to males affected is greater; adults 
represent on the whole more severe infections and their mortality is higher; 
association with other conditions is rarer in adults than in children, but when 
these occur they follow the frequency lines usual in pneumococcal infections — 
thus, e, g., arthritis is relatively more common and meningitis more rare in 

anatomical conditions they show are quite different from ‘ pneumococcal peritonitis ’ of the 
ordinary type, and differ in no way clinically from cases of perforation of viscus due to other 
organisms. The same is true of pyosalpinx or perimetritis. In the case of malignant growths, 
c. g. of stomach (and perhaps, also, of some of the other conditions), the association is some- 
times, as it were, accidental ; for any case of cancer is predisposed to pneumonia or other 
pneumococcal infection, and, to judge from accounts, it appears that, at least in some cases, 
the peritoneum becomes infected in the usual way and not through the gro-wth, as might at 
first sight appear probable. 
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adults than in children. (6) There is no evidence, for the view that infection 
takes place by way of the genital tract in the female/ nor that it occurs by 
direct spread through the diaphragm or from the gastro-intestinal tract. 
(7) Surgical treatment is • inadequate as the first line of defence, and owing 
to the nature of the condition always will be, but it is indispensable in helping 
other methods. (8) Amongst the pathogenic organisms present in these cases 
there is some variety. Variods strains of pneumococci typical in all respects, 
pneumococci showing some atypical features, or organisms which show some of 
the features of pneumococci and some of the features of streptococci. As, in 
some cases, the thoracic viscera show t3rpical pneumococci and the abdominal 
show a mixed type, it seems possible that the latter represent ‘ altered ’ pneumo- 
cocci, showing changes produced by the particular tissues in which they are 
growing; it is perhaps to this group that the ‘Streptococcus intestinalis ’ 
belongs; on the other hand, they may represent mixed infections, as some cases 
seem to be. There are no true streptococci in this series — to employ what 
would appear to be a necessary paradox. 


, Frequency. 

The condition is rare in adults, but is probably more common than is 
usually supposed. In the records of 6,000 cases of pneumonia in adults investi- 
gated at the London Hospital it occurred in only one — a man aged 46 years ; 
but two cases in adult females are known to me by report, one of the type of 
Group I and the other of Group IH of clinical cases (see page 221), but they are 
not in the records. Of its frequency in adult females, as the, result of infection 
of the genital tract, puerperal or other, no statement can be made. There is no 
case in this series. It has been stated already that this is a difierent clinical 
condition from the one under consideration. In children . — Compared with 
other varieties of general peritonitis in children its frequency is as follows : 
In 136 cases of general peritonitis due to vai'ious causes (the commonest being 
appendicitis and tuberculous infection) 37, or nearly a quarter, were pneumo- 
coccal, either certainly, as shown by bacteriological examination, or highly 
probably because of their clinical and morbid anatomical resemblance to the 
other cases. Another set of figures shows the following (here simple cases of 

■* The slightly greater frequency of pneumococcal peritonitis in the female (1'2 d to 1-0 
in this series in chfidren) is explained by the facts (I quote these facts from Francis Warner, 

‘ Constitutional Development and Social Progress of Boys and Girls from Infancj',’ Lancet, 
London, 1907, ii) — (a) that after the first few months of life there are more girls than boys of 
the same age in existence, and (6) that though the percentage frequency of incidence of disease 
(including bacterial infections of various kinds) is proportionately gi-eater in male children, 
the percentage of mortality of disease (including bacterial infections of various kinds) is higher 
in female children. That is to say, the power of resistance is lower in female than in male children. 
Therefore, given infection with the pneumococcus, in the female this will more often take a 
severe form, with such manifestations as peritonitis, than in the male, in whom the manifesta- 
tions will more often take a relatively milder form, such as pneumonia alone. 
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appendicitis are excluded, and cases of all ages are taken . together) :■ — Total 
number of cases of general peritonitis, 554. , Pneumococcal, 18, or about 1 in 31. 
But there is the constant .difficulty and difference in personal ; equation, in 
deciding what constitutes ‘ general ’ peritonitis, and so the. above figures cannot 

be very closely held to. 

Age and Sex Incidence. All the cases in this series of 57 were under 
ten years of age. But there was an adult male aged. 46 years, and there 
are two adult females known to me by report. There were, of five years of age 
and over, 19 cases or 33'3 per cent, (males 7, females 12), or (for this group over 
five and rmder ten years old) 36-84 per cent, males and 63-16 per cent, females. 
Of those under five years of age, 38 cases or 61-4 per cent, (males 18, females 20), 
or (for this group under five years old) 47-37 per cent, males and 52-63 per cent, 
females. Of those under two years of age, 21 cases or 36-8 per cent', (males 10,- 
females 11), or 47-62 per cent, males and 52-38 per cent, females. Of those of 
one year or under, there were 9 cases or 15-7 per cent, (males 4, females 5), or 
44-4 per cent, males and 55-5 per cent, females. The oldest case was aged 9 years, 
the youngest case 8 weeks. In the younger children the incidence of the disease 
is more equal in the sexes than in the older. Though girls are still the more often 
affected, this majority is smaller in the younger children. 


Aetiology, 

Predisposing Causes. Defective hygiene, especially overcrowding, has 
considerable influence in producing all pneumococcal infections and therefore 
peritonitis. Overcrowding acts in more than one way. In the first place, it i^ 
obvious that if the pneumococcus is present in any individual of a number, 
either in the naso-phaiynx or in the lungs, overcrowding will predispose to its 
conveyance to the naso-pharynx of other individuals. In the second place, 
combined as it usually is with defective sunlight, lack of fresh air and proper 
exercise, it tends to deterioration of the general health, to constant lowering 
of the general resistance. Vulnerability is thus increased. 

In some of the cases there is a fairly recent history of measles, of whooping 
cough, or of epidemic enteritis. In two, chronic nephritis was present, whether 
as predisposing cause or as one of the effects of a general infection, or as an 
independent association, is uncertain. A previous attack of pneumonia had 
occun-ed in one case. This is uncommon, since these cases, apparently because 
they are very susceptible to pneumococcal infection, usually develop peritonitis 
in the first attack and die forthwith. (Whether such as recover from peritonitis 
subsequently become re-infected cannot be stated from this series.) Climate 
and season appear to have some influence, winter and spring months being 
much the commonest time of onset, as in all pneumococcal infections. 

More important than these is, it seems, individual susceptibility, general 
and local. The factors concerned in any pneumococcal infection are, of course, 
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on the one hand the advent of the micro-organism, its degree of virulence and 
the dose, and on the other the degree of power of resistance or susceptibility of 
the individual. It is only the last that it is proposed to discuss here, the others 
are exciting causes. In the fii’st place, as regards general susceptibility, if one 
may here review well-known facts, it is obvious that the susceptibility to any 
pneumococcal infection varies within very wide limits in different individuals. 
Many grow to old age without becoming infected. In some infection takes 
the outward form of an attack of pleurisy, which may be considered one of the 
slightest expressions of pneumococcal infection. In others it takes the form of 
an acute pneumonia. This, in the more susceptible, recurs time after time ; in 
the most susceptible of all many other lesions occur as well — endocarditis, 
pericarditis, meningitis, arthritis, peritonitis, &c. Thus in the human subject 
there seems to be a variation in the liability to infection in different indi- 
viduals, similar to that observed in different species of animals. When the 
enormous fatality of pneumococcal infections in children is considered, it seems 
clear that all adults are relatively insusceptible, or have been so in childhood, 
for they have survived against the pneumococcus in the struggle for existence. 
There are facts that show that it may be acquired later in life, e. g. the fact 
that many slum-dwellers, who must be in daily contact with the pneumococcus 
nearly all their lives, do not acquire infection until middle life, the occurrence 
of terminal pneumonia of alcoholism, diabetes, cancer, phthisis, &c. In these 
eases, however, there is for the most part a tangible cause for lowered resistance. 
It therefore appears that all these cases of pneumococcal peritonitis represent 
the type of high general susceptibility to pneumococcal infection. The peri- 
toneum is nearly always infected in early life, and it is usually during the first 
and only infection, while other individuals living under identical circumstances 
'not only do not get peritonitis, but many do not get pneumonia or other 
pneumococcal infection at all. 

There seems to be also a local susceptibility, for the peritoneum is attacked 
in these cases, while it escapes in the majoritj’^, and not infrequently in cases 
where other serous membranes, such as meninges or joints, are involved. 

The exciting cause. This is the advent of the pneumococcus, determined 
by its dose and virulence. It seems a reasonable hypothesis that these various 
manifestations of pneumococcal infections — pneumonia, arthritis, peritonitis, 
meningitis, bone lesions, &c. — are produced by different strains of pneumococci. 
And the experiments of Eyre have shown this to be the case in animals 
in the laboratory. The present series of cases proves that there is considerable 
variety in the characters shown by pneumococci occurring in pneumococcal peri- 
tonitis. These were the following : — Of twenty-four cases of peritonitis, which 
are here called pneumococcal peritonitis, the pneumococcus was present in 
peritoneal pus, in typical morphological and cultural form and pure culture, 
which grew readily, only thirteen times. In six; of these it was also present in 
the heart’s blood, spleen, and other serous spaces. In the other seven, cultures 
from these parts were not made, but only from peritoneal pus. In five othei" 
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cases the pneumococcus was moi'phologicaUy typical and in pure growth in the 
peritoneal fluid, hut was atypical in fermentation tests, resembling Streptococcus 
pyogenes in this respect. In two other cases the pneumococcus, present in pure 
culture in peritoneal pus, showed defective gi’owth in sub-culture and died out. 
In one other case Streptococcus pj’-ogenes was present with pneumococcus. In 
two other cases there was more than one other organism present, hut the pneumo- 
coccus in much the greater number. In two other cases the peritoneal pus gave 
a pure culture of pneumococcus in typical form, but pericardial fluid gave 
apparently Streptococcus pyogenes in pure culture. (In these, however, it 
is uncertain whether these were really streptococci or only atypical pneumo- 
cocci.) One case of the first series showed the presence in the peritoneal pus of 
a typical pneumococcus and an atj'pical one, on culture. A sub-culture grew 
only typical pneumococci, showing probably the conversion of the atypical into 
typical form. In one case a culture from an empyema showed tj'pical pneumo- 
cocci, that from the peritoneal pus showed an organism which was either an 
atypical pneumococcus or Streptococcus pyogenes or ‘ intestinalis ’. In two 
other cases, not in the above twenty-four, there was a probable pneumococcal 
peritonitis associated with tuberculous peritonitis and tuberculous ulceration of 
the intestine. 

There were many different strains of pneumococci in these cases, as shown 
by morphology, vitality on culture, and fermentation reactions. In some cases 
there seemed to be more than one organism present, commonly the Streptococcus 
pyogenes or ‘ intestinalis ’, as well as the pneumococcus, but it is more probable 
that this was really an atypical pneumococcus and not a streptococcus than that 
there was a double infection. In some cases accidental contamination occurred. 
It seems possible that in cases where the organism was atypical this abnormality 
may have been the effect of growth within the body, the result of action on the 
part of the tissues in which the organisms were gi'owing ; for it has been shown 
experimentally that atypical and typical pneumococci may he isolated from 
different lesions in the same case, and that the atypical can sometimes he 
converted into the typical by culture and animal inoculation. In the three 
cases in this series that recovered, the organism was atypical in two. It might 
he supposed that the cases in which peritonitis becomes localized are produced 
by one variety of pneumococcus, and the cases in wLich it remains generalized 
are produced by another. But there is no evidence for this. It seems rather to 
depend upon the factors of dose, virulence and power of reaction, general 
and local. 


Mode of Infection. 

The organism might conceivably reach the peritoneal cavity in several ways. 
Through the Fallopian tubes from tho vagina in the female ; through the 
intestinal walls, from the gastro-intestinal mucous membrane ; from the arterial 
circulation, in a general septicaemia, by a process of embolism of bacteria ; by 
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direct spread through the diaphragm (by continuity) from the pleura ; from the 
pleura or mediastinum, by passage along the lymphatic channels to the peri- 
toneum. If infection comes from the general circulation, the organism may have 
reached the blood-stream in several ways : — By way of the lungs. In this case, 
if pneumonia is present, it is a primary focus of disease, and corresponds to the 
local lesion of animal inoculation. Through the bronchial and mediastinal 
lymphatic glands and lymphatic channels. Pneumonia and pleurisy, if present, 
are here secondary metastatic effects at a place of lowered resistance (just as the 
peritonitis is), or a focus produced by direct spread from these glands. By way 
of the mesenteric lymphatic glands, from the gastro-intestinal mucous membrane. 
It might then infect the thoracic lymphatic glands (with resulting changes as 
before) or the general circulation by way of the thoracic duct. From the gastro- 
intestinal tract direct ; from some extraneous focus such as an inflamed tonsil, 
naso-pharynx, &e. 

Infection from the genital tract cannot occur in males, which in this series 
were nearly half the eases (proportion of males to females was as 1*0 is to 1*35), 
yet the clinical and post-mortem features of cases are broadly the same in the 
two sexes. In no case in this series was there any evidence of infection by this 
route. The condition seems to have been confused with pyosalpinx or peil- 
metritis (in which the pneumococcus has been found), but this symptom complex 
and pyosalpinx afford quite different clinical pictures, and pyosalpinx does not 
occur in the male. The presence of vaginal discharge in such cases is of no 
significance. It is the exception, not the rule; it occurs quite commonly in 
otherwise healthy children ; in the only case in this series in which there was a 
vaginal discharge this can be shown to have come down from the abdomen, and 
was thus an effect, not a cause, of peritonitis. 

The argument for the view that infection is from the gastro-intestinal tract 
seems to be the following (6) : — ‘ Pneumococei have repeatedly been isolated 
from the intestinal contents, and have been demonstrated passing through the 
necrosed Peyer’s patches of a case of gastro-enteritis, and lying beneath the 
peritoneal coat, and even in the coats of lymph exuded on the surface of the 
bowel. The well-known fact that the wall of the bowel may, as the result of 
some slight lesion, allow oi’ganisms to, pass through it, taken along with the 
clinical fact that diarrhoea is often the initial symptom of pneumococcal peri- 
tonitis, points to the intestine as the most probable source of the infection.’ 
The following considerations seem to show the incorrectness of this view : it is 
obvious that the pneumococcus may have reached any of the above situations 
from the arterial circulation ; and this seems more probable than that it came 
from the enteron. The pneumococcus has been isolated in individuals dying as 
the result of trauma, &c., showing no symptoms or signs of disease ; from the 
naso-pharynx, mouth, liver, bile-ti-acts, spleen, tubules of the kidney, bladder, 
urethra, vagina; from the urine (from almost every organ in the body; these 
organs being otherwise normal). Therefore the mere presence of the pneumo- 
coccus in the gastro-intestinal tract does not prove pathogenicity (13). There- 
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fore, and in view of the lai-ge variety of other organisms which harbour in the 
intestinal tract, and commonly produce that condition, in the cases of gastro- 
enteritis stated the pneumococcus maj' not have been the pathogenic agent. 
The fact that in pneumococcal peritonitis the organism has been found in the 
flakes of coagulated lymph on the serous coat of the intestines does not prove 
that it comes from the'enteron ; for it seems equally probable that it caine there 
from the arterial blood-stream, as it presumably does in pleurisy ; nor does the 
presence of the organism in the subserous tissue prove this point, since it may, 
■with as much probability, have come from -within the capillaiies. The tissue 
fluid in -which it lies, whether a simple serous fluid or an inflammatory exudate, 
has admittedly arisen from there bj’ osmosis. The organism probably accompanied 
this. It is admitted that in cases of gastro-enteritis the excess of fluid in the 
enteric contents is derived, by osmosis, from the capillary circulation, passing 
through the mucous membrane into the intestinal canal If pneumococci are 
present in the intestinal contents in pneumococcal peritonitis they may have had 
the same origin. The mucous membrane of the gastro-intestinal tract is almost 
or quite impenetrable to this organism unless it is injured or necrosed, when it 
becomes less so (13). If either of those conditions of the mucous membrane 
occurred in pneumococcal peritonitis, infection by this route might be supposed 
to occur. But in only two cases in this series of fiftj--seven was there any necrosis 
of the mucous membrane (namely tuberculous ulceration), and here both forms of 
peritonitis (tuberculous and pneumococcal) were present. Jensen in 1903, in an 
analysis of 106 Continental cases, i. e. all those hitherto published, noted, amongst 
those of all kinds, the following : — Perforated gastric ulcer four times, cicatrix of 
the lesser curvature of the stomach once, ulceration of stomach other than the . 
above, five cases (Weichselbaum and Banti), in two of -w^hich this was carcino- 
matous, tuberculous ulcei-ation of lower ileum one case, catanbal colitis one 
case, membranous enteritis one case ; in one case there was ‘ multiple ulceration 
of the caecum, transverse and descending colon, the mucous membrane of the 
small intestine being normal. The ulcers had clear-cut margins, not undermined, 
and were of the area of millet seed. The muscular coat as far as the serosa 
was involved.’ ‘Microscopical examination showed the presence of diplococci 
throughout the whole thickness of the intestinal walls,’ and, it is added, ‘ In this 
case the pneumococcal infection -was complicated by typhoid fever.’ Flexner 
observed ‘ dysenteria diphtherica ’ in one case and ‘ entero-colitis ’ in another. 
Lennander found ‘ follicular enteritis and appendicitis ’ in one case and ‘ catarrhal 
appendicitis’ in another; in a third there were ‘multiple ulcerations of the 
mucous membrane at the lesser curvature of the stomach the size of a grain 
of rice or smaller ; the appendix showed ulceration of mucous membrane at its 
distal end ; there were submucous haematomata in the upper ileum, and in the 
lower ileum acute enteritis ’. M^n^trier and Legroux record, in one case, swelling 
and oedema of the intestinal walls -with pneumococci throughout their thickness. 
In all the other cases quoted by Jensen the mucous membrane of the stomach and 
int^'stine 5 was normal on post-mortem examination. That is to say, the raucous 
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membrane of stomach or intestines showed changes in only 20 out of 106 eases. 
These 20 showed much diversity in the morbid anatomy of the gastro-intestinal 
tract. In some the condition associated seems to be clearly 'accidental' (e.g. 
perforated gastric ulcer, cicatrix of an old simple ulcer, carcinoma, tuberculous 
ulceration, typhoid ulceration), and of the other conditions they may, for the 
most part, quite as well be effects of septicaemia or mere associations as accessory 
causes of peritonitis. If infection oecui’s commonly by the route of the gastro- 
intestinal tract, more frequent and more constant necrotic changes than are 
shown in the above might be expected. Dieulafoy has described two, Marchisio 
four, and there is one case in the Bulletin de la Societe anafomique, June, 1899, 
in which pneumonia, general peritonitis, and multiple haemoi'rhagic ulceration of 
the gastric mucosa occurred in adults. There ai'e a good many other somewhat 
similar cases in the literature. Dieulafoy’s cases showed multiple lesions, from 
all of which the pneumococcus was cultivated post mortem. Swallowed sputum 
will account for the gastric ulceration here, but embolism (of bacteria) seems as 
likely ; and if the hypothesis that the peritoneum became infected from the 
arterial circulation is not proved by these case.s ; neither is it proved that infection 
took place through ulceration, for in the vast majority of cases, otherwise 
precisely similar, there is no ulceration ; infection occurs by some other route, 
and this is also possible here. In pneumococcal peritonitis the mesenteric 
glands are usually normal; the bronchial glands are always inflamed. This is 
not compatible with infection from the intestinal tract. In aU other conditions 
in which infection arises from that tract the mesenteric glands are constantly 
affected. Further, experiments with regard to pneumococcal infection in lower 
animals show that the glands draining the focus of inoculation are always 
affected (13). These facts exclude the possibility of infection from the gastro- 
intestinal tract, and point to its occurrence through the respiratory tract. In 
most eases of pneumococcal peritonitis the mucous membrane is normal through- 
out. In a few there is congestion of mucous membrane, usually local, occasionally 
in patches, very rarely general, in the small intestine. Occasionally Payer’s 
glands are enlarged, usually quite locally. In the large intestine the mucous 
membrane is uniformly normal. Such changes might with as much probability 
be produced by a cause acting from within the capillary walls as from without 
tlrem, e. g. by toxaemia or septicaemia, as by organisms acting upon the 
mucous membrane from the lumen of the intestine. And the same is true of the 
symptoms vomiting and diarrhoea, which may be the result of toxins secreted by 
reversed osmosis as they are in septicaemic and pyaemic conditions produced by 
other organisms (e. g. staphylococcus). 

It is sometimes stated that diarrhoea is the first symptom observed. This 
is unusual ; more frequently pain and vomiting precede it. Pain is usually the 
fii’st symptom. Diarrhoea and vomiting ar-e regarded as evidence of gastro- 
enteritis. Pain is presumptive evidence that the peritoneum is inflamed. If 
this inflammation takes origin from gastro-enteritis, one would expect the latter 
to precede pain for some time, in order to permit the organism to make its way 
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to the peritoneum from the lumen of the intestine. As a matter of fact, it does 
not do so. YTien diaiu-hoea is the first symptom, it is follorred almost at once 
by pain, at a period, one would suppose, too short for this migration to have 
occurred. This tends to show that peritonitis precedes gastro-enteritis, and 
that the latter is an efiect (by toxic products), and not a cause, of peri- 
tonitis. Diarrhoea and vomiting, probahl}’' the effects of toxaemia, occur in 
all kinds of peritonitis of whatever origin, unless the muscular wall of the 
intestine is paralysed, so that it is unnecessary to look upon gastro-enteritis 
as a cause here. (In pneumococcal peritonitis the intestinal muscular wall is 
not paralysed.) 

In any case of peritonitis, of whatever kind, infection of the peritoneum^ 
whatever its origin may be, must be either local or general at first. In pneumo- 
coccal peritonitis the condition is, clinically, general at first, and on operation or 
autopsy no local focus of ori^n is found. £3^^ analogy with other known con- 
ditions (if the method is to be trusted) there are only two wa3's in which this 
can he explained, i. e. either by infection by the arterial circulation, or perhaps, 
in addition, by the lymphatic system. (An analogous condition seems to he the 
variety of tuberculous peritonitis that occurs without tuberculous ulcerative 
enteritis.) 

In certain cases infection cannot arise from the enteron, but ma}'- arise from 
the general circulation. In one ease the pus was found on operation to be situated 
extraperitoneally in the subserous tissues behind the lower pari of the anterior 
abdominal wall. In another case, after broncho-pneumonia (following measles) 
some three to four weeks previously, a tense swelling suddenl}’^ appeared in 
the right scrotum ; it was iiTeducible and without impulse on coughing. There 
was no vomiting or diarrhoea or other evidence of gastro-intestinal disturbance, 
and the bowels were open. This proved at operation to be an old hernial sac : 
it contained no intestine or omentum, the neck was made out to he nearly 
obliterated, and, as there was no impulse on coughing, it was shut off from the 
general peritoneal cavity. The sero-fibrinous fluid in this old sac contained 
the pneumococcus in pure culture. In these cases the onl}'^ possible source of 
infection seems to be the general circulation. 

The reasons alread}’ given against infection b3' other routes seem b3' exclu- 
sion to make infection b3'' the circulation likely. Experimental medicine teaches 
that cases of ‘ pneumonia ’ are really septicaemic conditions ; the arterial circu- 
lation is therefore, a priori, the most probable route of infection of the peri- 
toneum. Other conditions, such as meningitis or arthritis, sometimes precede 
peritonitis. In such cases there must have been general septicaemia before 
peritonitis developed. The anatomical distribution of the arteries, rami intestini 
tenues, and arterioles of the intestines and subperitoneal tissues of the abdominal 
walls would favour the infection of all parts of the peritoneum simultaneously. 
Clinical observation shows that this is what occurs, peritonitis being general at 
first. This is incompatible with infection by other routes, which would all 
tend to make it local at first. When infection can be proved to occur b}' other 
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routes it is local. (For example, pneumococcal perigastric or subphrenic 
abscess after perforated or ‘ leaking ’ gastric ulcei*.) Other peripheral structures 
are not infrequently infected by the pneumococcus, for instance, the periosteum, 
epiphyses and medulla of bones, and the subcutaneous tissues. Here infection 
occurs by way of the arterial circulation, of neces.sity. Lymphatic glands, e. g. 
cervical, inguinal, and femoral, are sometimes in a condition of acute adenitis in 
cases of pneumococcal peritonitis, as in several cases in this series. This was 
sometimes suppurative, and the pus had the characters of pneumococcal pus 
(the bacteriology of these particular cases is, however, not certain). If the 
lymphatic system is concerned in the return circulation from terminal capillaries 
the only means by which these glands became infected is via the capillaries, 
through the arterial circulation, in a general septicaemia. They cannot have 
become infected through the lymphatic system alone. Other serous cavities are 
frequentlj”^ infected. In them infection can only have occurred from the general 
circulation ; for example, the endocardium, subarachnoid space, synovial cavity 
of joints, bursae, and Ijmphatic cysts such as cystic hygroma. It is more 
probable that the route of infection that has been followed in all these serous 
cavities is also the one in case of the peritoneum (its accidental proximity to 
the enteron notwithstanding) than that a new method occurs for this alone. 
When several of these are inflamed together, the general circulation is the 
only connecting link between them all. Anj’^ or all of these may be associated 
with peritonitis. Peritonitis occurs in other septicaemic conditions, where all 
sources of infection other than the general circulation can be excluded. 

The evidence that infection takes place by direct spread through the 
diaphragm is inadequate. The fact that collections of pus sometimes occur in 
the subdiaphragmatic region with pneumonia or empyema seems to be all there 
is. Two such cases in this series are referred to, but they have a different 
explanation as to their origin. Infection of the pleura and lung from the 
abdomen is fairly common, but that the converse occurs seems by no means 
certain. The anatomical arrangement of the lymphatics passing from peritoneum 
to thoracic serous spaces, the direction of the lymph-flow, and the negative 
pressure developed within the thorax would seem to favour, with the 13'mph- 
flow, the spread of infection from peritoneum to pleura, but to act against it in 
the opposite direction. The peritoneal cavity specially favours localization, by 
adhesion-formation, matting of omentum, &c. ; therefore, inflammation spreading 
from thorax to abdomen would tend to become localized in the upper abdomen, 
and only become general subsequently, if at all. The two cases quoted above, 
however, show that the converse had occuixed. Another case illustrating this 
point was one in which an empyema necessitatis of several weeks’ duration had 
pointed through the chest wall in two places ; there was no peritonitis. This 
would seem to be the sort of case in which, if ever, infection of the peritoneum 
through the diaphragm should occur-. During resection of a rib a hole was 
made through the diaphragm. Six weeks later there was an abscess in the 
upper abdomen, pointing at the umbilicus ; this was drained. At autopsy it 
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proved entirely shut off from the rest of the peritoneal cavity (which was 
normal), and it communicated directly with the empyema cavity. In this case 
infection through the diaphragm only occurred when there was an anatomical 
defect such as the above (or ulceration would doubtless represent the same 
condition). There is, however, no evidence that simple ulceration downwards 
ever occurs. The occurrence of empyema necessitatis, alwaj's of long standing, 
is against it; this follows the line of least resistance; the upper surface of the 
diaphragm offers a stronger resistance to ulceration than the chest wall because 
its contraction (away from an empjmma) is more powerful than that of the 
chest wall ; its upper surface is convex in contraction and relaxation, while that 
of the chest wall is concave. The mechanical effect is concentration of forces 
against the chest wall and their diffusion in the case of the upper surface of the 
diaphragm. (In a similar way ulceration of the diaphragm from below is 
favoured mechanically, and infection of the pleura from subdiaphragmatic 
collections readily occurs.) It seems unlikel3' that infection ever arises in this 
waj’’, for in fifty-seven cases some evidence of this having occurred should be 
forthcoming. There is none. 

Infection appeal’s to occur in part through the lymphatic channels. The 
bronchial glands show acute adenitis. There is anatomical and physiological 
continuity of the serous spaces (pleurae, pericardium, and peritoneum) with 
these. The frequency with which all Jire inflamed together in pneumococcal 
‘ peritonitis ’ seems suggestive. From experiments upon animals it seems 
probable that the pneumococcus may gain entrance to the body by way of 
the bronchial Ij’mphatics. If this is so, inflammation of the bronchial glands 
may of course occur as the fii-st step toivai’ds infection of the general circulation, 
or of serous spaces and mesenteric glands. On the other hand, it would seem 
that it may be the effect, either of general septicaemia (since it occurs in nearly 
all septicaemic conditions), or of inflammation of the serous spaces. The 
significance of these morbid-anatomical facts seems uncertain. 

Though infection probablj' reaches the circulation from some part of the 
respii’atory tract, there is a possibility of its arising from extraneous foci. In 
three cases in this series, and in a published case, there was acute tonsilitis, but 
no bacteriological examination of the tonsillar exudate was made in any of 
them. If the organism had been found thei’e, however, this would of course not 
have afforded anj^ proof that infection occun-ed through the tonsil, since the 
pneumococcus may not have been acting as a pathogenic agent, or only as 
a local one. This is shown by the frequency with which it is found in the 
naso-phai^’nx of healthy individuals. A sidelight is thrown upon this aspect 
of the subject bj- a case described bj*^ Rabot, of Lyons, of pseudo-membranous 
angina of pneumococcal origin. Stress is laid upon the absence of severe 
constitutional symptoms in this condition. It did not produce septicaemia. 
A similar case, Peltesohn’.s, is quoted. Cases of Chareau and of Gloves are also 
quoted, but in the first death was from meningitis, and in the second from 
pscii do-membranous bronchitis and pulmonary di.seasc. The point, therefore, 
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remains undetermined, though in both these it is probable that the general 
infection occurred through the respiratory tract. Many of the cases in this series 
showed the presence of pneumococcal pus or turbid fluid in the middle ear, 
post mortem. It seems probable, however, that this is an effect of septicaemia 
rather than a cause of it. It usuaUy occurred in cases in which there was 
a very severe infection with multiple local lesions ,* it rarety gave rise to any 
sj^mptoms during life ; and the tympanic membrane was always intact. It was 
sometimes probably an early post-mortem change. That it ever acted as a focus 
of infection is unlikely, for there was a total absence of sinus or jugular throm- 
bosis, or other changes such as usually precede septicaemia arising from 
inflammation of the middle ear. There are other facts which tend to show 
that when the pneumococcus produces inflammation in extraneous foci it does 
not produce general septicaemic infection. Such are, for example, cases of 
cellulitis, prostatitis, and urethritis recorded in the literature, and the cases 
of pyosalpinx in adults. 


Morhid Anatomy. 

With the exception of changes in their serous coats the viscera are 
usually normal. When other changes are pi*esent they are those of any 
septicaemic conditions, but as such are relatively slight. The liver, except for 
perihepatitis (which is always present), is usuallj’ normal. Occasionally it is 
enlarged. In a few cases its substance has undergone fatty changes. Rarely 
the organ is congested. This change, though usually general when present, may 
be quite local. In two cases the liver substance showed cloudy swelling, in one 
a few patches of necrosis. In two it was softer than normal. And these were all 
the changes shown in the series of fifty-seven. Changes are therefore uncommon, 
and not very marked when present. The spleen, though usually normal, except 
for perisplenitis, may show morbid changes. In some cases, where the infection 
is a particularly severe one, the spleen is enlarged and congested ; its substance 
may even show haemorrhagic areas. In some cases of this kind it is softer 
than normal, or it may be diffluent. This diffluence may be confined to the 
central portion or may be general. In these cases there are, for the most part, 
but not invariably, associated changes in the liver and kidneys, such as 
enlargement, congestion, or even cloudy swelling of moderate degi’ee. In these 
cases the latter condition is sometimes associated with marked injection of 
vessels or haemorrhages in the subserous tissues. Rarely there is hyperplasia 
of the spleen pulp, probably an accidental association. The Iddneys are nearly 
always normal. But in the more severe cases, associated with changes in the 
liver and spleen, they ma}'^ be enlarged and congested, or show cloudy swelling 
of moderate degree. In two cases there was a condition of chronic pai'enchy- 
matous nephritis, whether as a predisposing cause of the infection, as accidental 
association, or one of the effects of the general infection, is uncertain. In no case 
was there amjdoid change in any of the viscera. The Fallopian tubes, vierus, and 
ovaries were normal in all female cases but one, except for the fimbriae and 
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serous coats. These showed in all cases the same changes as the rest of the 
peritoneum. In the one case referred to, the tubes were not enlarged and their 
mucous membrane was not inflamed, but pus could be expressed from both. 
The endometrium was somewhat congested ; but the uterus contained no pus. 
The vagina contained, pneumococcal pus, but was not inflamed. It seems clear 
that the vaginal pus came down from above. (See Mode of Infection.) In no 
case was there any evidence that infection of the peritoneum occurred through 
the genital tract in the female. The chief, and usually the only change 
observed in the stovuich and intestines was in the peritoneal coats. The 
peritoneum presents the appearances usual in acute inflammation. There is also 
a coating of shaggy coagulated fibrin or pyolymph as a rule ; this may simply 
stick the coils together, or there maj’^ be true adhesions, either general or local. 
(The condition present, of course, depends, to a large extent, upon duration and 
the amount of resistance to bacterial invasion that has been exhibited, of which 
pus formation and the extent of adhesion formation, Avhen present, afford some 
sort of rough estimate.) In rai-e cases there is no lack of gloss, but simply pus 
in thin films between the coils, which are not adherent. (These seem to 
represent mild infections occmring in cases when the resistance is very low.) 
The subperitoneal vessels and rami intestini tenues are injected in many cases 
but not in all. In the most severe there are small petechial subserous haemor- 
rhages throughout the peritoneum. The peritoneum is in the same condition 
throughout, except with regard to adhesions, which, when present, may be local, 
or more or less general (according to duration and the degi’ee of resistance that 
has been exhibited in life). The small intestine is hardly ever distended, 
sho^ving that the muscular wall is not paral^'sed. In two cases, however, some 
distension was present. The large intestine is not distended. This absence of 
paralysis of the intestinal muscles seems partly to explain the presence of 
diarrhoea, rather than of constipation in this condition. The mucous membrane 
of the stomach and intestines is nearlj* alwaj's nonnal. In one case, however, 
that of the small intestine was congested tbi-oughout. In five cases there were 
patches of congestion, in three small and local, in two generalized. In one case 
there were a few small patches of submucous haemorrhage. In three cases 
Peyer’s patches and the follicles w’ere enlarged throughout, but there was no 
congestion of the mucous membrane. In none was there any necrosis or 
ulceration, save in the two cases accidentally associated with tuberculous 
enteritis and peritonitis. The mucous membrane of the large intestine is 
practicall3' alwaj’s normal also. In one case there was an ulcer of the mucous 
membrane of the colon of uncertain nature. In another the mucous mem- 
brane was thickened and somewhat congested. (In another, though the 
mucous membrane was normal, the muscular wall was somewhat oedematous.) 
The appendix was normal in every case. The mesenteric glands are usually 
normal, but in three cases they were congested and enlarged. In nine others 
there was enlargement but no congestion. In one case of the above the retro- 
peritoneal as well as the mesenteric glands were enlarged and congested. The 
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fact that these glands are usually normal seems incompatible ■with infection 
from the enteron. It seems more probable that the condition of the mucous 
membrane and of the mesenteric glands, when either are inflamed, are both the 
efiects of septicaemia or of peritonitis than that they stand in the I'elation of 
cause and effect to one another. It does not seem likely that either plays any 
part in the causation of peritonitis, because changes in them are the exception 
and not the rule. Such changes are therefore probably efiects rather than cmises 
of peritonitis. Lungs. Lung disease was present in all cases post mortem. In 
forty-one cases there was clinical evidence of lung disease, either empyema, 
pleurisy, or pneumonia. In fouiteen cases there were no signs discovered during 
life. In all of these that came to autopsy but two, there was pneumonia or traces 
of its remains in adhesions, &c. In these two there ■urns congestion and oedema of 
part of both lungs with a small collection of sero-fibrinous fluid in the pleurae 
at the bases. The hronchial glands are always enlarged and congested ; there 
is adenitis more or less acute ; sometimes this is suppurative. In one case 
all the mediastinal glands were in the latter condition. 


Symptoms and Signs. 

The clinical picture of this condition is clearly defined. It is one of general 
peritonitis, of abrupt onset, usually preceded by, occasionally accompanied by, 
but in rare cases followed by, a pulmonary lesion. Other lesions besides those 
of the peritoneum and lung or pleura are not infrequently present, such as 
meningitis, pericarditis, arthritis, &o. Thus, the peritoneal condition only forms 
part of a symptom complex of acute abdominal and acute thoracic disease, not 
always synchronous in time of onset and often combined, as above, with other 
lesions. A case will generally show the following features : — 

Onset. After a period varying from a few hours to one or more weeks, 
during which symptoms and signs of an acute pneumonia or pleurisy are the 
prominent feature, or have been for part of that time, the abdominal condition 
sets in abruptly, with severe abdominal pain, foUowmd by vomiting and diarrhoea. 
There is high fever, the temperature rising to 103° or 104°, and weak, very rapid 
pulse. The tongue is furred, the breath foul. There are sordes on the lips. The 
face is pale and sweating, the eyes 'sunken, the corneae and conjunctivae hazy. 
This ‘ facies abdominalis ’ early becomes marked. The alae nasi may be rvorldng, 
or there may be herpes facialis. Cyanosis and dyspnoea may be present. 
Anorexia is complete. In older children and adults severe headache is commonly 
complained of. The central nervous system is intoxicated, there is somnolence, 
drowsiness, restlessness, delirium. Sometimes general tremors are present. 
Myotatic irritability is sometimes present at this stage, but usually only later. 
With this condition signs of pneumonia are usually present ; in some cases there 
is a history of it wdthin a recent period (up to four weeks), in a few it only 
■ appears later on. The vomit shows nothing characteristic, but is occasionally 
blood-stained or contains altered blood. The stools are very loose, foul and 
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greenisL or j^ellow, occasionally jelly-like mucoids, sometimes blood-stained. 
Rarely, the initial diarrhoea is of almost pure blood. Tenesmus and dysuria are 
occasional. The abdominal pain is nearly always general from the first. Occa- 
sionally it maj" be localized for a time. These sites, if present, are eccentric and 
do not coiTespond to the usual sites of pain of acute abdominal conditions, such 
as renal, hepatic, or appendicular colic. The pain is usually continuous and not 
paroxysmal, but was in one case periodic, coming on at about the same time 
night and morning, and enduring for a few hours at a time. Phj^sical examina- 
tion at this stage reveals no distension of the abdomen. It is usually retracted. 
Movement is defective or entirely absent. There is no local bulging. The 
superficial tenderness soon becomes very acute over part and then the whole of 
the abdominal area. It is general from the outset or very early becomes so. 
Where palpation can be performed, deep tenderness seems to be general also. 
The abdomen is resonant all over, or there are at this stage doubtful signs of fluid 
in the flanks. Rectal examination at this stage reveals no bulging of Douglas’s 
pouch, but tenderness is usually marked. Leucocytosis, of neutrophilic polymor- 
phonuclear type, with marked fibidn network, is present. In a few cases, which, 
however, seem to be commoner in adults than in childi-en, there is collapse at the 
onset. If such come under observation at this stage, the resemblance to a per- 
foration of enteric fever or ruptured viscus due to other cause may be strong. 
In such the history and signs of disease other than abdominal are of course 
all-important. 

When the effusion has appeared. After a period varying from a few hom-s 
to a day or so abdominal distension and definite signs of fluid in the flanks 
appear. As a rule they soon become those of a general effusion. Rectal 
examination now reveals a bulging of Douglas’s pouch, or a tense swelling there. 
The leucocytosis has increased. Abdominal rigidity now begins to pass off and 
the abdomen gradually becomes tumid. The acuteness of the superficial tender- 
ness, though it may persist for days, usuaUy diminishes, its area gradually 
lessens, and from now on slowly disappears. In the severest cases, those with 
the highest temperature, the most rapid and feeble pulse, and aU the general 
indications of a very severe intoxication, the severe symptoms of the onset persist 
without abatement until death, which usually occurs in a few hours. It may 
occur almost before there are definite signs of effusion. In most cases, however, 
with the onset of the effusion the severity of the condition moderates somewhat. 
The temperature falls a degi'ee or so, the pulse becomes less rapid, the ‘ abdominal 
facies ’ becomes less marked or disappears. The pain becomes less severe and 
commonly dies away. Vomiting becomes less urgent or ceases. DiaiThoea, 
though it often continues for days, or even weeks, usually eeases also. All the 
sjnnptoms of intoxication become less marked, and the patient now begins to 
present an appearance of relative comfort compared with that of general peri- 
tonitis due to other causes. Rigidity and tenderness, superficial and deep, 
diminish and die away. 

Subsequently. Fi-om nowon the condition in many cases becomes subacute, 
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with hectic fever or without it. It may even verge upon the chrpnic. (A case 
has been more than once mistaken for ascites.) The colour often becomes good. 
Rapid emaciation occurs. This is especially marked in the limbs. The collection 
of fluid in the abdomen may remain genei-al, or may become localized, and either 
condition may persist for weeks. When this occurs the condition is often mis- 
taken for tuberculous peritonitis, particularly when lung signs have persisted. 
The localized collections are iisually mistaken for appendix abscess. The liver and 
spleen are now sometimes enlarged, but thei'e is no albuminuria. The collections 
of fluid, both local and general, have been known to point at the umbilicus and 
burst there. They sometimes undei'go absorption. 

The above picture of the onset represents a severe case. In many the 
symptoms and signs are not so severe, and the toxaemia is less marked. Though, 
as a rule, lung trouble precedes the abdominal condition, it may come on sym 
chronously with it or may follow it. There may be a latent period of apparent 
health or convalescence between the two conditions, due, no doubt, to the well- 
known occasional latency of pneumococcal septicaemia. The abrupt onset of 
peritonitis described above is not invariable. It is sometimes insidious, apparently 
without pain or tenderness, and shows itself by gradual swelling of the abdomen. 
This may be so slight as to escape observation, and the condition may only be 
discovered post mortem. With regard to the symptoms of onset — abdominal 
pain, vomiting, and diarrhoea — the first is usually abdominal pain, followed first 
by vomiting and subsequently by diarrhoea ; in a good many cases vomiting, 
and in some both vomiting and diarrhoea, precede the onset of pain ; in a few 
diarrhoea is the first symptom. There may apparently be no pain, but this is 
unusual ; such cases are those of quite young children, unable to express their 
feelings, and therefore the presence or absence of this symptom can only be 
inferred. Occasionally there is no vomiting. When present it usually passes off 
in a few hours, but may be repeated at intervals of a day or more. • Diarrhoea is 
almost invariably present. It is sometimes stated to be usually the fii’st 
symptom. This is not the rule in this series of cases. Though very rarely there 
is no gastro-intestinal disturbance or even constipation at the onset, this is soon 
followed by diarrhoea, which, in this condition, is almost invariable. The whole 
infection, from the time of onset of pneumonia, may last for as much as three 
months ; after the onset of peritonitis it may endure for weeks at a time ; but 
death often occurs within a few hours of the fii’st symptom. 

Cases may be placed, from the practical standpoint^ (such as, for instance, 
that of the out-patient room of a hospital, when they commonly first come 
under observation), in four groups. In Group I, on first observation, the case 
presents itself in the form of ‘ an acute abdomen ’. The abdominal features 
stand in the foreground of the picture. It is probably from such cases as these 
that the term ‘ primary ’ pneumococcal peritonitis has arisen. These constitute 
about one-third of the number in chRdren. In Group II cases show the same 
features but have some peculiarities of their own at the onset. For the most 
part swelling is the first thing noted. This is, to some extent, due to the fact 
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that they are j'^ounger children than the others, unable to express their feelings 
■w'ith regard to pain, &c., and it has not been noted that they vrere ill until 
swelling was observed by the mother. These constitute about one-eighth of 
the number in children. In Group III there are at the first observation both 
thoracic and abdominal features. These cases constitute about one-fifth of the 
number in childi’en. In Group IV the features are those of thoracic disease at 
the time of first observation. In some, signs of peritonitis are subsequently 
obseiwed dm’ing life : in others, because its onset is . insidious, or more often 
because the abdomen is not examined, the condition is only discovered post 
mortem. The cases of this group constitute one-third of those in children. 

Distribution and characters of inflammation and exvAate. From this 
series of cases it seems probable that the peritonitis is at first always general. 
In cases that came to autopsy (i. e. 88-8 per cent.) there was evidence of 




Fig. 1. V.D., aged 9 year?, ill one day. On the right side of the chest in front, there was 
dullness, diminished air entiy, tubular breath-sounds in places, increased vocal resonance, 
increased vocal fremitus, and no crepitations. The abdomen was retracted hut inoved well ; 
the rectus stood out prominently; it was rigid everywhere, but more so on the right side; 
resonant eveiynvhere. Behind on the left side a few scattered crepitations ; on the right 
side dullness, tubular breath-sounds, increased vocal resonance, and fremitus, a few crepitations 
above but none below. The shading over the abdomen is the area of superficial tenderness. 


general peritonitis in every one, either in the form of a generalized inflam- 
matory efi'usion, or a local one, shut off by adhesions, with adhesions throughout 
the rest of the peiitoneal cavity, showing that the inflammation, at first general, 
had subsequently become localized. In cases that recovered, of which there 
were 6 of 54 or 21-2 per cent., at the operation a local collection of fluid was 
found. In some of these there were generalized adhesions throughout the rest 
of the peritonea] cavity, showing that the peritonitis had at first been general. 
In the others that recovered this point was not made certain because the 
laparotomy went no further than simple incision and drainage : but from their 
resemblance in histoiy, clinical course, symptoms, and signs to the last group it 
is practically certain that this is true of them also. 

The case shown in Figs. 1-fi appears to illustrate the condition from the 
onset until localization occurs. In another case, aged 6 months, operated upon 
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Fig. 2. V. D., aged 9 years, ill 4 days. It 
shows the area of superficial tenderness. The 
abdomen moved badly and was slightly dis- 
tended, the veins were a little engorged, 
especially on the right side ; no palpation 
was possible and there was no dullness. 



right side of the chest. The shaded area 
shows the superficial tenderness ; no dullness 
was present, there was deep tenderness under 
the right margin of the ribs. 



Fig. 3. V. D., aged 9 years, ill 11 days. 
On the right side of the chest the percussion 
note was diminished, the breath sounds were 
loud, the vocal resonance was slightly in- 
creased ; a loud diy rub at the anterior axillary 
border. The apex heat was well within the 
nipple line and the heart was not displaced. 
The shaded area was very tender. There was 
no dullness in the loin. 



Fig. 5. V. D., aged 9 3 ’ears, ill 16 days. 
There were no physical signs in the chest. 
Pain was marked in the right lumbar region 
and there was a hard lump in the abdomen. 
Shaded area as in other figures. 



Fig. 6. V. D., aged 9 years, ill 17 days. The shaded area indicates superficial 
tenderness ; under this there was a lump. 
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on the fifteenth day of illness, median laparotomj' being performed, there was an 
abscess in the same situation and the intestines were marked by adhesions 
throughout. Death followed, hut thei'e was no autopsy. It, howevex’, illustrates 
this point. Both these were males. 

The case shown in Figs. 7 and 8 also illustrates this point. The diagrams 
show the diminution in the area of dullness that occurred in two daj^s. As the 
first represents a dui'ation of twenty-one days it seems clear that the peritonitis 
must have been originally general. But at the time of opei-ation the abscess 
was local. In another case, aged 7 yeai-s, ill fourteen daj-s, a similar condition 
was shown, 36 ounces of pus being evacuated from what, from the physical 




signs, was a ‘ local ’ condition. The abdomen, closed without drainage after 
evacuation of the abscess, refilled. Both these were females. 

Another case, in a girl aged 7 year's, both before and at the time of 
operation, was regai'ded as a local collection in the appendix region. Autopsy 
showed it to he general (and thei'e were fairly recent adhesions in both pleui'ae, 
though thei'e had been no signs in the chest during life). In another girl, aged 
2 yeai'S 2 months, ill for several weeks, there was what was, considering the 
age of the child, an enormous abscess in the appendix region containing 
8 oimces of pus, which, in view of the similai'ity to the other cases, seems 
suggestive, but as recoveiy ensued it cannot be definitely proved that this was 
originally general. In three other cases in girls aged 4 years, 1 year 6 months, 
and 11 months respective!}', each with a history of several weeks’ illness, there 
were local collections in the pelvis. In the two that died there were on 
autops}' generalized adhesions; in the othei', I'ecovery ensued and the point 
cannot he settled. In another case, in a girl aged 9 years, ill one day, the signs 
were compatible with a local collection, but on operation peritonitis was found 
to be general. Death occuri'ed on the third daj'. The above ai'e all the 
cases in this sei'ies in which the condition had any appearance of being local. 
Of those that died it would have been said, had they recovered, and had 
operation gone no further than the usual incision and drainage, that the 
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condition was local. But autopsy showed it to have been originally general ; 
and it seems a fair inference that in the few where the point cannot be settled 
the same process has been going on, as they are so like the others. All these 
‘local’ collections seem to he the remains of a peritonitis originally general 
or ‘ diffuse ’. The following cases in the literature support this view. Walther 
describes a case with ‘ a very large abscess which subsequently divided into 
two ; one abscess occurring about the umbilicus, and the other in the region of 
the spleen. Gaillard describes a similar occuiTence, one being found between 
the liver and diaphragm, and the other at the spleen, these having been 
originally one abscess. Sevestre describes a similar occurrence ; one abscess 
was in the lesser sac and the other at the caecum. 

Local collections may, it appears, be found anywhere within the abdomen ; 
but they seem to ^occur more commonly in some places than in others. These 
are low-lying fossae in the recumbent posture. They do not correspond to any 
diseased focus of origin that can be found. There seem to be two factors at 
work here : first, the influence of gi-avity, and secondly, the matting and 
adhesions produced by the great omentum (and perhaps the mesentery). In 
this series there were ; in subhepatic pouch, 2 ; in right iliac fossa, 2 ; in 
left iliac fossa, 1 ; in pelvis or lower abdomen, 3. 

The view has been expressed in the literature that collections are found 
more commonly on the left side than the right (2). This was not observed in 
this series. It has also been stated that they occur commonly about the 
umbilicus. This occurred in this series in two cases, in which there were 
general collections of fluid associated with matting of omentum and intestines, 
the condition being more advanced in this region than elsewhere. Collections 
between the umbilicus and the symphysis pubis occurred in two cases. In 
three cases the fluid pointed at the umbilicus ; in one of these it had ruptured 
there. This, which is said to be a common feature, only seems to signify length 
of standing of a collection of purulent fluid capable of producing ulceration. 
Such cases have lasted for a considerably longer period than is usual in general 
peritonitis caused by other pyogenic organisms. The condition is, of course, 
seen fairly frequently in tuberculous peritonitis, and one has seen it in a case of 
suppurating hydatid cysts of long standing. In one case of this series the pus 
was extraperitoneal. 

Characters of the exudate. The characters of pneumococcal effusions, 
whether sero-fibrinous, sero-purulent, fibrino-purulent, or purulent, are so well 
known that it is enough to say that to judge by this series those occmring 
in the peritoneal cavity do not differ from those in other regions except very 
occasionally. In the ‘ local ’ collections the fluid is purulent. In the other 
cases it is, according to length of standing, fibrinous, sero-fibrinous, sero- or 
fibrino-purulent, or purulent. The well-known characters of pneumococcal pus, 
greenish, watery, flocculent, and inodorous, are in rare cases varied, but only in 
a very small minority. The valuations are those of colour (which may be 
yeUowish), odour (which may be faecal, as of bacillus coli), and consistency. 

IQ. J, M., Jan., 1911.) Q 
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The first Wo- peculiarities are probably owing to the situation in which it occurs, 
namely in proximity to the intestinal tract, and resulting contamination by 
Bacillus coli communis, or an ally, or its toxins. The third seems to be the 
effect, for the most part, of long standing. In the cases which are clinically the 
most acute the fibrin of the sero-fibrinous exudate may be peeled from the peri- 
toneum in sheets and the fluid constituent may be almost entirely lacking. 


Associated Morbid Conditions. 

In all cases that came to autopsj’- (88-8 per cent, of this series of 54) 
peritonitis was not the only morbid condition present. This is probably true 
also of all the cases that recovered. In the latter 21-2 per cent, there was 
acute pneumonia on one or both sides, or acute pleurisy, at some time since 
the commencement of the illness, in 50 per cent. In the other 50 per cent,. 
(or about 10-5 per cent, of all cases) this point remains indefinite. Some came 
under observation weeks after the onset, and so may well have overcome their 
lung condition before being seen ; in others the chest was not examined. But 
as in some cases in which no signs in the chest were found during life, on 
autopsy recent pleural adhesions were found, though there was no active disease, 
this condition was very probably present in the similar cases that recovered. 
The view that pneumococcal peritonitis may occur without other lesion does not 
seem to be correct. The other lesions present in this series were : meningitis ; 
empyaema, single ; empyaema, double ; empyaema on one side, pleurisy on the 
other; double pleurisy; pericarditis; endocarditis; arthritis (in one case com- 
bined with sub-acute suppurative teno-synovitis) ; lobar-pneumonia, single ; 
lobar-pneumonia, double ; broncho-pneumonia, single ; broncho-pneumonia, 
double ; suppurative mediastinitis ; acute tonsilitis ; otitis media ; vaginitis ; 
nephritis ; cerebral infai’ct ; tuberculous peritonitis and enteritis (2 cases). Various 
combinations of these occuiTed. 


Diagnosis. 

The clinical diagnosis of pneumococcal peritonitis cannot of course be made 
with the same accm-acy as that of most acute abdominal conditions, as, for 
example, appendicitis or perforation of viscus, because in that diagnosis, to 
be scientifically accurate, is involved the identity of bacteria, which cannot be 
established by clinical means, whereas in the other conditions no such identity 
is involved. With this proviso, however, and for practical purposes, it can 
be made quite accurately, but not from the abdominal condition alone, the full 
history, mode of onset, order of association of symptoms, and examination 
of the chest being of gi-eat importance. This is of course the merest platitude, 
but seems to be sometimes forgotten in practical life. Difficulty or ease in 
diagnosis must obviously much depend upon the stage that has been reached 
in the infection when the case comes under observation. 
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At the onset, and for the first few hours after this, exact diagnosis is often 
impossible, because the condition may only be one of some acute infection of 
probable abdominal origin. In the typical or more usual cases it soon becomes 
easy, but in the unusual cases (more common, however, in adults than in 
children) in which at the time of onset there are no signs in the chest and 
the onset of the abdominal condition is associated with collapse and subnormal 
temperature, perforation of viscus such as stomach or duodenum may be with 
difficulty excluded, and if, as sometimes occurs, no accurate history of the 
health during preceding weeks can be obtained, even perforation of enteric 
■ fever may he thought of. The presence of signs in the chest, or a history of 
pneumonia within two or three weeks, may he suggestive, and absence of 
previous symptoms of malaise excludes the perforation of enteric fever. If 
there are no physical signs in the chest the alae nasi may be working, or there 
may be herpes facialis; there is usually cough with dyspnoea and cyanosis 
in a pneumococcal case, and the sputum may be rusty and may show the 
pneumococcus. Signs in the chest develop subsequently in such cases unless 
death occurs almost at once. As regards the abdomen the absence from the first 
of localization of pain and deep tenderness to the appendix region, absence of 
local swelling, the general character of the abdominal rigidity, the general 
distribution from the fii-st of the superficial tenderness or the fii'st appearance 
of this in an eccentric site, not McBurney’s point, but very early becoming 
general in any case, the general distribution of the deep tenderness which is not 
accentuated over the appendix area, and diaiThoea at the onset are suggestive 
of pneumococcal peritonitis rather than of appendicitis. A marked polymorpho- 
nuclear leucocytosis with fibrin network eai-ly appears in a pneumococcal case. 
Leucocytosis will not be present in the case of appendicitis until much later, 
and then there will be no fibrin network. It is, of course, precisely at the 
time when exact diagnosis of this condition is of the greatest importance that 
it is most difficult. For in the conditions with which it is liable to be con- 
fused — perforation of viscera of one kind or another — every minute is of 
importance, and if it is delayed until the picture becomes clear the time for 
efiective action in those conditions will possibly have passed. Therefore 
laparotomy, which affords the only hope for the other conditions, appears to 
be the best method of procedure in these doubtful pneumococcal cases. 

'When the aldominal effusion has occurred, there are signs in the chest in 
nearly all cases. The points of importance are : a history or the presence of 
pneumonia before the onset of general peritonitis, the mode of onset of the 
abdominal condition and its particular features, and a leucocytosis of the 
characters described above. 

If seen for the fii-st time in the later stages, when the condition has become 
subacute, tuberculous peritonitis may be difficult to exclude. In two cases in 
this series the diagnosis was that of tuberculous disease. To tabulate differences 
between these two conditions is useless, for the physical signs may be the 
same. The history, mode of onset, the sputum and its bacteria, the absence 
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of solid masses on palpation and percussion of the abdomen may be suggestive, 
but this is aU. In some cases of pneumococcal peritonitis, solid masses may 
be present as in tuberculous peritonitis. This occun-ed in one case of this 
series. A leucocytosis of the characters described seems to be conclusive ; but 
the leucocytosis may be indefinite. In two cases of this series both forms of 
peritonitis were present together, so that diagnosis is sometimes impossible. 
This condition has more than once been mistaken for ascites, the immediate past 
history of thoracic disease having escaped notice. 

If seen for the first time when the efiusion has become localized the diaouosis 

O 

from appendix abscess and tuberculous peritonitis by the history and mode of 
onset (provided the chest is examined) can be made upon general principles 
(history of recent pneumonia within about four weeks from the onset, or 
physical signs in the chest at the time, mode of onset of symptoms, with 
special reference to pain, tenderness, and association with vomiting and 
diarrhoea, character of the leucocytosis, with special reference to the presence 
of a fibrin network, Ac.). But the diagnosis is of course only made certain by 
bacteriological examination. 

Other difilculties are those which occur in the diagnosis between thoracic 
and abdominal conditions (the well-known cases of pneumonia which present 
abdominal symptoms at the onset, before lung signs have developed for 
example). There are two cases in adults known to me in which laparotomy 
was performed bj’’ eminent surgeons, in one upon a diagnosis of acute pancrea- 
titis, in the other upon a diagnosis of acute intestinal obstruction of uncertain 
origin. In both cases the peritoneal cavity was normal, with the exception, in 
one case, of a little clear fluid in the abdomen and congestion of the visceral 
peritoneum over the stomach and upper portion of the small intestine ; both 
subsequently developed frank pneumonia. And such cases as these are com- 
moner in children than in adults. The diagnosis is, therefore, sometimes very 
difficult, or almost impossible, in this respect. It can, of course, onlj’’ be made 
on general principles. Again, cases of peritonitis, general or local, to whatever 
cause they be due, may develop pneumonia, either as an independent infection 
or by direct spread of infection from the abdomen. For example, sub-dia- 
phragmatic abscess may infect the pleura and lung (bj- ulceration). Diagnosis 
may be difficult when a case comes under observation for the first time in this 
condition. Whether both conditions or onlj' the lung condition or whether 
neither condition is due to pneumococcal infection may be difficult to decide. 
The treatment apart from bacterio-therapy is much the same in any case, but 
the prognosis is difierent in each. 


Prognosis. 

The duration of the condition in cases that recovered was : from the time 
of onset of abdominal symptoms (pain, vomiting, and diarrhoea) until opera- 
tion, 25 days (one case), 17 days (one case), 14 days (two cases), 7 days (one 
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case), uncertain (one case). The total duration of the illness in six cases (from 
time of first symptom until defervescence) was : shortest over 12 days, longest 
over 44 days, average about 25 days. Of fatal cases, the duration of illness 
from time of onset of abdominal condition until death in 14 cases was 
uncertain, because the onset of peritonitis was insidious. Of the remaining 
25, in which the point could be determined, in 12, or less than half, it was 
under 7 days. In three cases besides the above 13 it was under 14 days; 
or, in three-fifths of the fatal cases it was under two weeks ; 7 days (two cases), 
11 days (one case). In ten cases, or two-fifths of fatal cases, it was 14 days 
or over. Of the total duration of illness from first symptom until death, in 
six cases (or about one-seventh of fatal cases) it was under one week, the 
briefest duration being one day. In 14 cases (or about one-third of fatal cases) 
it was under two weeks. In 16 cases (or about two-fifths of fatal cases) it was 
under three weeks. In 23 cases (or nearly two-thirds of fatal cases) it was over 
three weeks. Of four weeks and under there were 20, or about one-half of the 
fatal cases. Of over four weeks there were 19, or almost as many. Of over 
six weeks’ duration there were 13, or one-third* of all fatal cases. The longest 
case was 90 days, or 12 weeks and 6 days. Two other cases were of 12 weeks’ 
duration. 

The prognosis, where all cases are considered together, is bad. Of three 
cases in adults all died. Of the 54 cases in children in this series only six 
recovered, giving a total mortality of 88"8 per cent. In the cases where the 
effusion becomes localized, the prognosis is relatively good, with the quahfioa- 
tions to be presently stated. Of nine cases in this series in which this occurred, 
six recovered, giving a mortality of 33«3 per cent, for this class. Of the 
45 cases in which it did not occur, the moitality was 100 per cent. It is 
almost unnecessary to say that the cases which recovered were all localized, 
for this only means that those on the road to curing themselves by localization 
(and then by absorption or by pointing at the umbilicus or into hollow viscera) 
were helped out in their cure by surgery. Of the three cases that became 
localized but died, in one there was no autopsy, the other two showed old 
general adhesions. In one other case the collection had become localized ; but 
death resulted from perforation of intestine during operation, so it is excluded 
from this set. There were old generalized adhesions throughout the peritoneum. 
In all cases, whether the effusion is generalized, or, at the time of operation, 
localized, the outlook depends not so much upon the peritoneal condition, which 
is relatively amenable to surgical treatment, as upon the fact that in any case 
there may be present, or develop subsequently, acute pleurisy or pneumonia 
(single or double), pericarditis, endocarditis, meningitis, arthritis, &c., but 
chiefly that there is septicaemia which has been present from the first. Any 
of these conditions may be fatal after the peritonitis has been adequately dealt 
with surgically. The above conditions are, of course, less likely to occur in 
cases where localization occurs, because such cases represent milder infections or 
greater powers of resistance than the others. Yet they may occur and prove 
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of solid masses on palpation and percussion of the abdomen may be suggestive, 
but this is all. In some cases of pneumococcal peritonitis, solid masses may 
be present , as in tuberculous peritonitis. This occurred in one case of this 
series. A leucocytosis of the characters described seems to be conclusive ; but 
the leucocytosis may be indefinite. In two cases of this series both forms of 
peritonitis were present together, so that diagnosis is sometimes impossible. 
This condition has more than once been mistaken for ascites, the immediate past 
history of thoracic disease having escaped notice. 

If seen for the first time when the efiusion has become localized the diagnosis 

o 

from appendix abscess and tuberculous peritonitis by the history and mode of 
onset (provided the chest is examined) can be made upon general principles 
(history of recent pneumonia within about four weeks from the onset, or 
physical signs in the chest at the time, mode of onset of symptoms, with 
special reference to pain, tenderness, and association with vomiting and 
diaiThoea, character of the leucocytosis, with special reference to the presence 
of a fibrin network, &c.). But the diagnosis is of course only made certain by 
bacteriological examination. 

Other difficulties are those which occur in the diagnosis between thoracic 
and abdominal conditions (the well-known cases of pneumonia which present 
abdominal symptoms at the onset, before lung signs have developed for 
example). There are two cases in adults known to me in which laparotomy 
Avas performed b}’’ eminent surgeons, in one upon a diagnosis of acute pancrea- 
titis, in the other upon a diagnosis of acute intestinal obstruction of uncertain 
origin. In both cases the peritoneal cavity rvas normal, with the exception, in 
one case, of a little clear fluid in the abdomen and congestion of the visceral 
peritoneum over the stomach and upper portion of the small intestine ; both 
subsequently developed frank pneumonia. And such cases as these are com- 
moner in children than in adults. The diagnosis is, therefore, sometimes very 
difficult, or almost impossible, in this respect. It can, of course, only be made 
on general principles. Again, cases of peritonitis, general or local, to whatever 
cause they be due, may develop pneumonia, either as an independent infection 
or by dfrect spread of infection from the abdomen. For example, sub-dia- 
phragmatic abscess may infect the pleura and lung (lij’’ ulceration). Diagnosis 
may be difficult when a case comes under observation for the first time in this 
condition. Whether both conditions or only the lung condition or whether 
neither condition is due to pneumococcal infection may be difficult to decide. 
The treatment apart from bacterio-therapy is much the same in any case, but 
the prognosis is difierent in each. 


Prognosis. 

The duration of the condition in cases that recovered was : from the time 
of onset of abdominal symptoms (pain, vomiting, and diarrhoea) until opera- 
tion, 25 days (one case), 17 days (one case), 14 days (two cases), 7 days (one 
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peritonitis is made. Earlier diagnosis would help in a similar way. But it seems 
clear that surgical treatment is here only of secondary importance, though 
essential to assist other measures in most cases. 

It is obvious that in the matter of serum therapy nearly everything depends 
upon the native powers of the patient. Nothing is done by such measures to 
eliminate the organism from the circulation, to control its action, to minimize 
the dose or to lower its virulence. The only hopeful treatment as a whole for 
pneumococcal peritonitis, as for the other conditions arising in pneumococcal 
infections, is by bacterio-therapeutic methods, by an antipheumococcal serum 
or vaccine which shall deal with their cause — septicaemia. Considering the 
large number of different strains of pneumococci present in these cases, it would 
seem to be necessary to manufactur'e a vaccine for each case. Since, however, 
the more severe cases are so very acute, and the time-element therefore is of 
great importance, it seems open to question how far this treatment will be 
practicable. In the more usual cases, however, which become subacute or 
almost chronic and last for weeks, the time-element is not of such importance, 
and in them this difficulty would not appear to arise. In view of the teachings 
of experience of other conditions such as empyema, however, drainage of col- 
lections of inflammatory fluid as a routine measure would appear to be almost 
always essential to assist this method to success. No administration of Pane’s 
or Rdmer’s antipneumococcic sera or Sir A. Wright’s vaccine was undertaken in 
any of these cases. 
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A e^:sum£ op some of the evidence conceening 

THE DIAGNOSTIC AND CLINICAL VALUE OF THE 
WASSEEMANN EEACTION 

By HUGH WANSEY BAYLY 
Introductory. 

The evidence that has accumulated during the last four years seems to speak 
with no uncertain voice as to the value of the serum diagnosis of syphilis. The 
test has been given very extensive trials by conscientious workers all over the 
world, and the literature on the subject has become so large as to render it 
difficult for most busy physicians, surgeons, or gynecologists to arrive at the 
data on which a favourable opinion as to the great value of this test has been 
based. As the original technique as described by Wassermann was somewhat 
complicated, requiring the use of laboratory animals and sheep’s blood, it has 
necessarily followed that numerous workers have endeavoured to simplify the 
teclinique so as to bring it within the reach of others than the clinical pathologist. 
It is remarkable that though innumerable modifications and simplifications have 
been introduced during the last two years the consensus of expei-t opinion is still 
strongly in favour of the original technique, or of such slight modifications of 
the original method as do not necessitate the substitution of variant factors for 
constant factors. 

At the discussion on complement . fixation that was opened by Wasser- 
mann before the combined Pathological and Bacteriological Sections of the 
British Medical Association in July last, practically all the speakers were in 
favour of the original technique as compared with the simplified techniques 
advocated by Hecht, Brauer, Fleming, Stem, &c. In this short review I do not 
propose to discuss any questions of technique, and shall only deal with some of 
the evidence that has accumulated as to the value of the test as a means of 
diagnosis and as a control of treatment. I consider, however, that for the best 
results to be obtained the original or an only slightly modified technique should 
be employed, and that the test should be carried out by a laboratory worker 
experienced in the use of such technique. 

The fii-st question to be settled is whether the reaction is sufficiently 
specific to render the test a reliable one for the diagnosis of syphilitic infection. 
Wassermann states that out of 10,000 sera examined, he has not once diagnosed 
syphilis wrongly, and Hochne only obtained two positive results out of 1,100 
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sera taken from healthy persons or patients suffering from diseases other than 
syphilis, and in neither of these two could syphilis be excluded. McDonagh, 
Muller, and Morawitz, in reporting 5,000 cases examined by them in Finger’s 
clinic, state that they did not obtain a single positive result in any case where 
syphilis could be definitely excluded; and Blaschko, of Berlin, as the result 
of the examination of 900 cases, found the result in accordance with the nliuicfll 
diagnosis in all but 30 cases. Out of 50 sera examined by Beckers, and taken 
from patients with tuberculosis, typhoid, scarlet fever, aiferio-sclerosis, and heart 
failure, only two gave a positive reaction, in neither of which syphilis could be 
excluded. Jenonck and Meirowski examined 110 certainly non-syphilitic cases, 
and on'Jy found one positive result, which was that of a child dying with 
tuberculous meningitis, and they and other observers have I’ecorded that a 
positive result is often obtained with dying persons or cadavers. 

Statistics taken from very many thousands of observations made by 
observers in England, France, Germany, Austria, Sweden, Amei’ica, and 
Australia, show that of all cases of syphilis examined, from 80 to 90 per cent, 
give a positive reaction. The percentage differs but slightly with different 
observers. I myself have determined the reaction in over 500 untreated or but 
slightly treated eases, and obtained a positive reaction in 85 per cent. 

The percentage of positive reactions obtained varies considerably with the 
period of the disease and whether the disease is acute or latent. Thus primary 
cases in which the lesion has been present for less than a fortnight almost 
invariably give a negative reaction, while 75 per cent, of positive reactions are 
obtained if the primary sore has been present for over a month. Secondary 
syphilis with symptoms gives a positive result in over 90 per cent, of cases 
and tertu^y syphilis in about 75 per cent. In cases of latent syphilis (viz. 
syphilis without symptoms) the early cases give a positive reaction in 75 per 
cent, and me late cases in 76 per cent, in the untreated cases. (See Table I.) 
The resujbs obtained with the parasyphilitic diseases, tabes and general 
paralysis, are given in Table VI. Different results are obtained with different 
tissues ; thus a very high percentage of positive results is obtained with aneurysm 
of the aorta, and only a low percentage with cerebral syphilis. 

Effect of Treatvient. 

The effect of mercurial treatment is usually clearly seen, and depends on the 
time in the history of the infection that treatment began, and the length and 
nature of the treatment. (See Tables 11 and III.) Potassium iodide and the 
early arylarsonates (atoxyl, soamin, and orsudan) seem to have but little, if any, 
action on the reaction. Neisser has observed that the earlier in the course of the 
disease that treatment is commenced the more probability there is that a nega- 
tive result will be obtained after a course of treatment. Where treatment began 
as soon as possible after the primary lesion had appeared, 75 per cent, of 
negative reactions were subsequently obtained, whereas, if treatment had been 
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delayed for six months, only 33 per cent, of negatives were obtained after 
treatment. 

Of late latent cases (that is, cases several years after infection in which there 
are no symptoms) he found that the early treated cases gave negative results in 
80 per cent, of cases, and the late treated cases in only 58 per cent. Piirckhauer 
reports the result of treatment on 165 cases at different stages of the infection, 
all of which were positive before treatment. Of 116 primary and secondary 
cases 75 per cent, became negative immediately after treatment. Of 12 
early latent cases 4 became negative, of 15 late latent cases 4 became negative, 
and of 18 tertiary cases only 2 became negative. Of 4 cerebral cases 
only one became negative after treatment. The longer infection has persisted 
the more stable the positive reaction seems to become, and the greater difficulty 
there is in inducing a negative reaction by treatment; and in some late 
tertiary and parasyphilitic conditions a negative reaction is never produced 
even by the most rigorous mercurial treatment. 

OccasionaU}' a case is diagnosed as syphilis and gives a negative reaction, 
and yet after being on mercury for a while a positive reaction is obtained. This 
is probably due to the fact that the mercuiy destroys numbers of the treponemata, 
whose endotoxins are then liberated, and stimulate the production of the anti- 
body which is probably the substance which produces the positive reaction. 
If 5 per cent, of complement is fixed the case must be reported as positive, and 
10 per cent, of complement is only used in order to obtain a rough idea of 
progress under treatment. Active syphilis will generally deviate 10 or 15 per 
cent, of complement, but as the infection becomes less the amount of complement 
deviated also becomes less. In this way it is possible to make a rough 
quantitative measurement of the amount of complement fixed and of the progress 
made under treatment, even though the case must still be returned as ‘ positive 
Using this method I have compared the therapeutic value of some of the 
difierent methods of administering mercury. Pills and suppositories seem to be 
the slowest and least efficient forms of treatment, and inunctions and intra- 
muscular injections of insoluble compounds the quickest and most efficient. 
(See Tables II and III.) Harrison’s instructive series shows clearly the 
influence of only short treatment, for, although the percentage of ‘ positives ’ 
remains high, some effect of treatment is recorded in 69 per cent, of cases 
after only one course. With pills, on the other hand, 97 per cent, of cases treated 
for six months or under are positive, and only 8-5 per cent, show any effect 
of treatment. When the inunction method was employed, after three months’ 
treatment only 16-6 per cent, remained positive. Daily inunction is obviously 
an inconvenient method of treatment, and all skins do not tolerate this 
method, but otherwise inunction would seem by this too short series to be the 
most satisfactory form of administration of mercury. Intramuscular injection, 
however, appears almost though not quite as potent, and to be undeniably 
superior to piU treatment. That it is not the presenee of the mercury itself 
in the blood that produces a negative reaction, was shown by Brauer, who 
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demonstrated , that a strong positive can he obtained when the mercury 
excretion in the urine is most marked, and that a negative reaction may be 
present when the mercury excreted in the urine is weak or absent. He 
showed that a previous negative reaction may become positive in spite of 
a large quantity of mercury in the blood, and that a I'eaction which has become 
negative imder treatment can become positive in spite of mercury persisting in 
the urine. 

.With the Ehrlich-Hata ‘ 606 ’ preparation (dioxy-diamydo-arseno-benzol) 
very varying results as regards the Wassermann reaction are recorded in the 
literature. (See Table IV.) Emery of Paris writes : ‘ Regarding the reaction of 
Wassermann, which will allow us to determine and appreciate by its course the 
regression of infection, it becomes negative at intervals varying from three 
weeks to two months. The disappearance takes place slowly and progressively 
without undergoing the oscillations which are met with in mercurial cures.’ 
ZeUer reports several cases which became negative at various periods after 
injection with ‘ 606 ’ but which later returned to positive. The history of 
the use of this new remedy is too recent to enable us to know whether the 
negative reaction which is obtained in the majority of cases is permanent. The 
earlier reports, in which negative reactions were almost invariably recorded as 
present in a week to a fortnight after injection, seem to have been too optimistic, 
and of the only six cases that I have personally examined one was negative 
three weeks, four were positive three weeks, and one was positive six weeks 
after injection.^ 

Nearly all authorities, both Continental and American, including Ernest 
Lane and Charles Gibbs^ of this country, agree that in future treatment, whether 
by mercury or ‘ 606 ’, must be regulated by the Wassermann reaction. A 
solitary negative reaction obtained with the serum of a patient undergoing 
mercurial or ‘ 606 ’ treatment means little but that the patient is reacting to 
the treatment. A series of negative results taken at intervals of three to six 
months after all treatment has been given up is necessary before the patient 
can be regarded as cured, and even then until another twenty years have 
passed we cannot be absolutely certain that the disease is completely and 
permanently obliterated, and that no late manifestations will ever occur. It is 
important to remember that about 10 per cent, of untreated cases of syphilis 
fail to give a positive reaction at the first examination, and that therefore 
a negative reaction only gives a 90 per cent, probability of freedom from 
infection. If, in recently acquired syphilis, after several months’ treatment the 
reaction still remains strongly positive and large doses of complement are still 
fixed, it is an indication that the treatment is inefiieient, and that more rigorous 
methods should be adopted. If, however, after each course of treatment a 
smaller amount of complement is fixed, or the intervals before a positive 
reaction returns become longer and longer, we may conclude that the treatment 
is satisfactory, and that there is no necessity to increase the dose. 

^ Of these cases all but one, however, became negative one month later. 
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If we judge the efficacy of treatment by the period of time elapsing between 
the commencement of the treatment and the onset of the effect of treatment, 
as shown by the Wasseimann reaction, it would appear that ‘ 606 mercuiial 
inunctions, intramuscular injections of insoluble mercuiial compounds, sup- 
positories, and oral treatment must be arranged in the order named. A few 
cases remain positive after three or more years’ treatment, and it is therefore 
obvious that no fixed time for treatment can he laid down. Three years, 
however, seems to be the shortest period for mercurial treatment that can be 
advised with any safety, and this of course must be prolonged if the Wasser- 
mann reaction is, or becomes, positive. 


Specificity of Reaction. 

Of the diseases certainly not syphilitic in which a positive reaction is 
obtained. Yaws heads the list, and in this disease as high a proportion of 
positives is obtained as with syphilis itself : Baermann obtained 90 per cent, 
of positives in untreated cases. Leprosy also produces a high percentage of 
positive results, Baermann reporting 40 per cent, and Noguchi 80 per cent. 
Meier also reported that the majority of cases give a strongly positive result. 
It appears, however, only to be the tuberculous form of the disease that 
produces a positive reaction. Trypanosomiasis has been reported frequently 
to give a positive reaction, but I have been unable to obtain any statistics for 
the reaction in this disease. In malaria, Baermann obtained 20 per cent, 
positive in untreated cases with fever and 4 per cent, positive in treated cases 
without fever. Of fifty sera (tuberculosis, typhoid, scarlet fever, arterio- 
sclerosis, and heart failure) examined by Beckers, only two gave a positive 
reaction, and in neither of these cases could syphilis be excluded. Scarlet 
fever was at fii-st believed frequently to produce a positive reaction, and Much 
reported fifty-nine positives out of 130 cases examined. 

Later observers have, however, failed to confirm his figures, and have only 
obtained positive results very rarely. In any case the positive reaction is 
said to be very transient, and Blaschko has observed that when the positive 
result does occur it is not till about fourteen days after the rash that it appears, 
and that it disappears within three months. Weil and Braun and myself have 
reported thirty-six cases of pneumonia in which a positive reaction was obtained 
in eleven. I found that the positive reaction did not appear till after the crisis 
and only lasted a few days. Weil and Braun have also reported three positive 
results out of twenty sera taken from typhoid patients. No case of heart disease 
in which syphilis can be excluded has been reported as giving a positive 
reaction. Very many cases of aneurysm of the aorta give a positive reaction, 
but in the majority a history of syphilis can be obtained. Bassett-Smith has 
informed me that under his report of late secondary and tertiary sypbihs 
giving positive reactions, he included many cases of aneurysm, chronic endo- 
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carditis, and cases -with cerebral symptoms in which a distinct history of 
syphilis had been obtained. One case of beri-beri gave a negative reaction. 

Cancer or tuberculous infection practically never gives a positive reaction in 
cases in which syphilis can be excluded. The reports of various observers as 
I’egards the reaction in various diseases will be found in Table V. Reinhart 
has not obtained a single positive result in malignant disease, phthisis, typhoid, 
pneumonia, nephritis, leukaemia, pernicious anaemia, diabetes, measles, or 
diphtheria, but he has recorded positive reactions in scarlet fever and malaria. 
I have not succeeded in finding any extensive records of the reaction in various 
nervous diseases, but I shall hope to be in possession of the necessary data in 
a few months. Table VI gives the results obtained by different observers 
in parasyphilis. Out of 432 cases of general paralysis reported by various 
observers and collected by Noguchi, 90 per cent, gave a positive reaction with 
cerebrospinal fluid, while of fifty-two cases of tabes only 66 per cent, were 
positive. Of thirty-four cases of cerebrospinal syphilis only 19 per cent, were 
positive with cerebrospinal fluid, and only about the same percentage was 
obtained with serum. 

If the cerebrospinal fluid of persons suffering from secondary or tertiary 
syphilis, in which there is no special involvement of the central nervous system, 
be examined a negative reaction is usually found, but in parasyphilitic con- 
ditions where the central nervous system is primarily involved a higher 
percentage of positive results may be obtained with the cerebrospinal fluid 
than with the serum. This is particularly noticeable with general paralysis. 
Mott has suggested that it is a question of cell destruction, and that the greater 
cell destruction that occurs in general paralysis is the cause of the higher 
proportion of positive results as compared with tabes. It would be interesting 
to note if cases of tabes giving a positive reaction showed more improvement 
under mercurial treatment than those cases where the reaction was absent. 
In 100 cases of disease of the nervous system of a non-syphilitic nature 
examined by Reinhart, not a single positive reaction was recorded. The cases 
included true epilepsy, multiple sclerosis, myelitis, neuritis, alcoholic pseudo- 
tabes, and cerebral tumour. 

Bayet considers that as regards the question of marriage and offspring, 
the serum diagnosis, contagiousness, and the transmission of infection to off"- 
spring must be regai’ded as three distinct matters. He thinks that clinical 
experience must be considered of equal value with the Wassermann reaction, 
and the questions of age of infection, length and nature of treatment, and 
time since the last appearance of any symptoms must be thoroughly gone into 
when the practitioner is asked his advice as to the permissibility of marriage. 
He does not consider a positive Wassermann reaction an absolute contra-indica- 
tion to marriage, providing that aU other considerations are satisfactory. If, 
however, marriage of a man giving a positive reaction is permitted and 
pregnancy occurs, he advises that the mother should undergo antisyphilitic treat- 
ment even if she presents no symptoms and gives a negative Wassermann reaction. 
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If we judge the efficacy of treatment by the period of time elapsing between 
the commencement of the treatment and the onset of the effect of treatment, 
as shown by the Wasseiinann reaction, it would appear that ‘ 606 mercurial 
inunctions, intramuscular injections of insoluble mercurial compounds, sup- 
positories, and oral treatment must be arranged in the order named. A few 
cases remain positive after three or more years’ treatment, and it is therefore 
obvious that no fixed time for treatment can be laid down. Three years, 
however, seems to be the shortest period for mercmdal treatment that can be 
advised with any safety, and this of course must be prolonged if the Wasser- 
mann reaction is, or becomes, positive. 


Sxiecificity of Reaction. 

Of the diseases certainly not syphilitic in which a positive reaction is 
obtained. Yaws heads the list, and in this disease as high a proportion of 
positives is obtained as with syphilis itself: Baermann obtained 90 per cent, 
of positives in untreated cases. Leprosy also produces a high percentage of 
positive results, Baermann reporiing 40 per cent, and Noguchi 80 per cent. 
Meier also reported that the majority of cases give a strongly positive result. 
It appeal's, however, only to be the tuberculous form of the disease that 
produces a positive reaction. Trypanosomiasis has been reported frequently 
to give a positive reaction, but I have been unable to obtain any statistics for 
the reaction in this disease. In malaria, Baermann obtained 20 per cent, 
positive in untreated cases with fever and 4 per cent, positive in treated cases 
without fever. Of fifty sera (tuberculosis, typhoid, scarlet fever, arterio- 
sclerosis, and heart failure) examined by Beckers, only two gave a positive 
reaction, and in neither of these cases could syphilis be excluded. Scarlet 
fever was at first believed frequently to produce a positive reaction, and Much 
reported fifty-nine positives out of 130 cases examined. 

Later observers have, however, failed to confirm his figures, and have only 
obtained positive results very rarely. In any case the positive reaction is 
said to be very transient, and Blaschko has observed that when the positive 
result does occur it is not till about fourteen days after the rash that it appears, 
and that it disappears within three months. Weil and Braun and myself have 
reported thirty-six cases of pneumonia in which a positive reaction was obtained 
in eleven. I found that the positive reaction did not appear till after the crisis 
and only lasted a few days. Weil and Braun have also reported three positive 
results out of twenty sera taken from typhoid patients. No case of heart disease 
in which syphilis can be excluded has been reported as giving a positive 
reaction. Very many cases of aneurysm of the aorta give a positive reaction, 
but in the majority a history of syphilis can be obtained. Bassett-Smith has 
informed me that under his report of late secondai'y and tertiary syphilis 
giving positive reactions, he included many cases of aneurysm, chronic endo- 
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Table II. Effect of Treatmevt with Intemviiscular Injections. 



No. of 
Cases. 

+ with 
0-2 Comp. 

Additional + 
with 04 
Comp. 

% showing 
some effect 
of treatment. 

Total. 

+ 

% 

+ 

After 1 course (of 3 months) 







Harrison .. .. 

55 

17 

29 

69 

46 

83-6 

Bayly 

32 

21 

7 

34-4 

28 

87-5 

After 2 courses 







Harrison .... 

49 

24 

14 

51 

38 

77-5 

Bayly 

16 

7 

6 

56-2 

13 

81-2 

After 3 courses 







Harrison .... 

42 

8 

19 

80-9 

27 

64-5 

Bayly 

4 

1 

1 

75 

2 

50 

After 4 courses 







Harrison .... 

30 

3 

14 

90 

17 

56-5 

After 5 courses 







Harrison .... 

34 

4 

13 

88-2 

17 

50 

After 6 courses 







Harrison .... 

26 

3 

6 

88-4 

9 

34-6 


Table III, Effect of Treatment on Wassermann Reaction. 


Nature of 

Length of 

No. of 

Positive 
with 04 
Comp. 

7 4 - 

Positive 
with 0.2 
Comp. 

Partial or 
complete 

% showing 
some effect 

treatment. 

treatment. 

Cases. 


Haemolysis 
with 0.2. 

of treat- 
ment. 

Pills 

6 months 

1 35 

34 

974 

32 

3 

8.5 


or under , 

1 (66) 

(62) 

93-9 





6 months 1 

1 15 

11 

73.8 

5 

10 

66-6 


to 1 year j 

r (83) 

(19) 

57-5 


12 

92.3 


1-1^ years 

13 

9 

69-2 

1 


(25) 

(10) 

40-0 


11 



li-2 years 

12 

5 

41.6 

1 

91-6 

Inunctions 

Under 3 months 10 

10 

100 

8 

2 

20 


3 months 

6 

1 

16.6 

1 

5 

83-3 


6 months 

4 

0 

0.0 

0 

4 

100 


The cases in brackets were only tested with 04 of complement. 


Table IV. Effect of Treatment with ‘ 608 ’. 


Observer. 

Number of Cases. 

% negative after treatment 

Gliick 

20 

100 

f 50 after 4 weeks 

Harrison (L. W.) 

71 

(88 after 5 weeks 

Lange 

268 

63 

Miekley . 

65 

14 

Neisser (A.) 

? 

44 (doubts permanency) 

Nicolich and Favento 

? 

66 

Saalfeld . 

26 

0 

Schreiber and Hoppe 

52 

Q. (earliest 4 days 
(latest 70 days 

Wechselmann . 

? 

Nearly 100 
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Table V. 

Reaction in 

VariovLS Diseases. 



Typhoid. 

Scarlet Fever. 

Tuherculosis. 

Carcinoma. 

Moi’bus 

Coi-dis. 


Cases. Pos. 

Cases. 

Pos. 

Cases. Pos. - 

Cases. Pos. 

Cases. Pos 

Bassett-Smith . 

3 

0 

7 

1 

9 

0 


11 0 

Bayly .... 

6 

0 

20 

1 

22 

0 

34 0 

10 11 

Jochmann . . 



33 

0 





Meier .... 



52 

0 





Much .... 



130 

59 





Noguchi . . . 
"Weil and Braun 

20 

3 

63 

3 = 

52 

0 

51 3 = 


Gastau .... 
Donath . . . 










^ History of old syphilis obtained. - Two of these were doubtful results. 





Table V 

(continued). 








Acute 

Various 


Disease of 
Aoida. 


Pneumonia. 

Gonorrhoea. 

Bheu- 

Skin 

Nephritis. 






matism. 

Diseases. 


re 

O 

tr. 

tn 

C3 

CQ 

m • 

O CO 

CD . 

O 03 

03 • 

o ® 

m 

o ® 


03 

o 


03 

o 

o 

p-( 

03 O 

o 

09 O 

c2 Cl, 

O ^ 

03 O 

O ^ 

CD O 

s ^ 

Bassett-Smith . 



89 

0 

4 0 

39 0 

2 0 

Many cases 

Bayly .... 








positive 

24 

7 

25 

1’ 

3 0 

5* 5 

5 0 

6 5 

Noguchi . . . 
"Weil and Braun 

12 

4 




58 1 



Gastau .... 








24 16 

Donath . . . 








27 33 


’ Syphilis could not be excluded. * Leucodenna cerricis. 


Table VI. 


Tabes. 


General Paralysis. 


Sent7>t. Cerebnspindl Fluid. Serum. Cereh-osiyhial Fluid. 




No. Cases. % -f 

No. Cases. 

Noguchi . . . 

. 

205 60 

11 

Marie and Levaditi 


9 

"Wassennann 



15 

Mott, Chandler,'] 




and Henderson 




Smith J 




Bayly .... 

. 

10 50 



^ -5- 

No. Cases. % + 

No. Cases. % -f 

54 

61 65 

60 73 

66 



53 


35 94 



64 92 


10 80 


Table YU. Kerrvous Diseases. 




Bassett-Smith. 

Noguchi. 

Bayly. 

Neurasthenia . . . 

Hemiplegia. . . . 

Insanity 

Epilepsy ..... 
Tumour of brain . . 

Spastic paraplegia . 
Dementia praecox . 


28-0 

9-0 

6-0 

3-0 

8- 3 

24- 4 
69-12 

8- 4 

3- 2 
131-15 

3- 1 

6-0 

4- 2 
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Table VIII Reaction in Eye Gases. 


Interstitial Keratitis. Iritis. 


Choroiditis. 


Cases. % Pos, Cases. % Pos. Cases. % Pos. 


Leber ? 84 ? 33 ? 28 

Hannan 12 100 4 25 5 100' 

Noguchi 12 ■ 66 6 66 

Bayly 7 100 


' These cases were diagnosed as ! probably .syphilitic ’ before examination of serum. 
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CEITICAL EEVIEW 


VEETIGO' 

Br SYDNEY SCOTT 
Nomenclature. 

The terms dizziness, giddiness, and vertigo are frequently used in a 
synonymous sense. Etymologically dizziness is, according to Skeat, derived 
from the Anglo-Saxon dysig, Danish dosig. Old High German tusic, and meant 
d^dl, stupid, hence confused. Giddiness has a diiferent derivation and comes 
from the Anglo-Saxon gyd, a song : gyddian to sing, hence probably dancing, 
whirling, wild, unsteady. Vertigo has a more concise origin from the Latin 
verto, I turn, I reel. These terms are to be regarded as representing in this 
article the French le vertige, and the German schvjindel. 


Introdiictory. 

Vertigo is one of the clinical manifestations produced by disturbances in the 
system of co-ordination. To comprehend its significance it is necessary to 
understand in at least a general way that branch of the nervous system which is 
concerned with the functions of equilibration. As it is proposed to discuss 
chiefly the clinical significance of vertigo, we must content ourselves with 
recalling some points which are known to have a physiological bearing on the 
subject, and shall assume a general knowledge of the anatomy of structures to 
which we refer (3, 34, 41, 42, 50, 76, 101, 113, 148). It may he taken for granted 
that in normal states of consciousness we possess a correct perception of position, 
a true topographical knowledge of ouraelves as a whole, and of our surroundings 
in relation to space. These perceptions are derived from nerve impressions re- 
ceived from difierent parts of the body : 

Group I. Without paiticularizing too laboriously we may regard the 

’ This paper represents bardlj- more than an introduction to the subject of vertigo: 
certain features only are emphasized : much that is familiar has been omitted : only references 
which have been consulted have been given: in certain instances the author has availed him- 
self of reviews and has endeavoured to acknowledge the reviewer, although in some cases the 
name was not always noted. Such omissions in the bibliography were undesigned. The 
bibliography is obviously incomplete when we have regard to the literature available. 

[Q. J. 21., Jan., ign.] 
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impressions upon which we directly, depend for perceptions of our own 
position (subjective orientation) as being derived from the following sources: — 
1. Vestibular or labyrinthine. 3. Muscular. 3. Tendinous. 4. Ligamentous. 
5. Articulai’. 6. Visceral (pressure due to gravity and muscular action). 

Group IL The impressions which give rise to perceptions of the position 
of our surroundings (objective orientation) are : — 1. Visual. 3. Auditory. 

Group III. In this group we include impressions (excluding ‘ referred ’ 
sensations) which enable us to perceive concurrently the position both of 
oui’selves and of the external agent which provokes the impression in relation to 
one another. Cutaneous; (a) Tactile, (b) Pressure, (c) Thermal, (d) Painful. 

A moment’s consideration of the above impressions, as arranged in these 
three groups, will readily bring to mind many instances in which a knowledge 
of change of position of our surroundings influences the perception of our own 
position in space. Objective orientation affects subjective orientation, and 
vice versa, or in Bonnier’s words, ‘ I’orientation objective est conditionnde par 
I’ofientation subjective ’ (30). 

Both perceptions are, moreover, closely dependent upon and intimately 
related to muscular accommodation, particularly in the maintenance of the erect 
position of the body and in locomotion. The importance of the correlation 
between these impressions by means of a system of co-ordination with motor 
centres is self-evident. The extent and intensity of reflex muscular action (which 
includes muscular relaxation as well as muscular contraction (139)) are directly 
influenced by the degree and extent of the corresponding afferent impressions 
which give rise to out-going muscular impulses. 

The impressions which have been mentioned do not all enter consciousness 
as sensations, and yet they pi-oduce what we may term an impression- 
complex on the centres of co-ordination situated for the most part in the cere- 
bellum and corresponding regions of the cerebrum. 

Contraction and relaxation (139) of various muscle-groups are controlled by 
the particular impression-complex which at any given moment holds sway. 
VTien the components of this complex are in perfect accord the effect is correct 
orientation and maintenance of equilibrium: vertigo results from discord between 
these components. 

From the writings of Hughlings Jackson we learn that vertigo should be 
regarded as ‘the state of consciousness of the effect of this want of harmony 
between afferent impressions on motor centres’. The mere consciousness of 
discord between in-coming impressions does not constitute vertigo (58). 
Vertigo is then not a malady in itself, nor is it the only manifestation of 
inco-ordination. It is a particular state of consciousness, induced by different 
physiological and pathological causes, which play their part through interfering 
with one or other of the above-mentioned impressions. 

In clinical as in experimental vertigo Ave shall show that the vestibuhir, 
retinal, or muscular-sense impressions are the ones most frequently disturbed. 

R 3 
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According to Gowers (58), labyrinthine vertigo is by far the commonest variety 
of vertigo met -with. - • . 

Various Types of {Subjective Sensations in Vertigo. 

The sensations of vertigo in consciousness vary in kind and degree. In the 
most typical form the individual feels as though he were suddenly turned round 
and round about a longitudinal axis, or that he were impelled forwards or 
backwards around a transverse horizontal axis or to one side or other around an 
antoro-posterior horizontal axis. 

He may also imagine that objects are revolving around him in corresponding 
planes. Such sensations may be accompanied by a reeling or tottering gait, or 
they may be so sudden and intense that the balance for the moment is com- 
pletely lost. Vertigo may be accompanied by nausea, vomiting, headache and 
a feeling of faintness, and muscular weakness. The face' becomes pallid, and the 
skin covered with clammy sweat, the pulse feeble. Mental processes are con- 
fused, while memory for the distressing sensations is retained. Rarely is vertigo 
associated with loss of consciousness (129, 151), In other forms of vertigo 
faintness, ■ nausea, and vomiting are absent, and fair muscular control may be 
retained. Even a tendency to reel may be inhibited. Vertigo generally occui’s 
during waking hours, but nocturaal attacks which awaken the patient are not 
uncommon. 

The sensation in the milder forms, or at the commencement of attacks 
which increase in severity, consists of a consciousness of uncertainty of position 
of self ; of ‘ a swimming feeling in the head’, or ‘a mistiness before the eyes’ (46). 
There may be a sensation of change in subjective or of objective position in an 
uncertain direction. As the feeling of apparent movement becomes more 
intense the idea of direction becomes more deBnite ; in many cases the conscious- 
ness is so confused by conflicting impressions, that no clear perception of the 
apparent principal direction of movement is gained. 

Some patients describe their sensations as similar to that of falling from 
a height or of ‘ sinking ’. It seems curious that such sensations should be the 
same whether the patient is standing, lying, or whatever the position of the 
head, but we do meet with these descriptions even in patients who have definite 
signs of labyrinthine disease. It is rare for patients to have the reverse 
sensations, namely that of rising or ‘ walking on air The transcephalic 
galvanic cuirent may occasionally produce such a feeling. 

Sometimes the attention of the patient is concentrated upon an apparent 
movement of external objects. ‘The room seems to be going round’, or ‘the 
ground seems to rise ’, or ‘ everything seems to lean to one side 

We see patients who tell us they ‘feel as if falling backwards, while the 
ground seems to suddenly rise upwards and hit them in the face ’, whereas they 
must have suddenly been hurled forwards on to the gi’ound. 

In considering the sensations of patients during vertigo we have to inquire 
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into the (1) sensations of apparent change of position of self (disturbed , sub- 
jective orientation); (2) sensations of apparent change of position of surroundings 
(objective orientation) ; (3) sensations of the forced movements, and the character 
of motor inco-ordinatioru For an account of the sensations in vertigo we are 
dependent upon the descriptions given by the individual himself, whereas the 
type and character of forced movements are signs which must be independently 
observed. These movements include deviation of the eyeballs and of the head, 
nystagmus and ataxic gait ; certain other modified purposeful movements. 

Grainger Stewart and Goi’don Holmes in their classical monograph on the 
Symptomatology of Cerebellar Tumom-s (145) paid particular attention to the 
sensations of vertigo in these diseases, with respect to subjective and objective 
orientation. These observers were able to distinguish the tj’pes of vertigo 
in intracerebellar from those met with in extra-cerebellar lesions. We should 
have expected extra-cerebellar lesions to give rise to the same kind of sensations 
as those produced by labyrinthine lesions, and in many respects this is true. 
Stewart and Holmes, however, noted that in their 22 cases the sense of 
rotation of self was ‘towards the lesion in extra-cerebellar’ tumours and ‘away 
from the lesion in intracerebellar’ tumours. Oppenheim (114), however, thinks 
the sensations of patients are too unreliable to make so definite a distinction ; 
and as regards pure labyrinthine lesions it is certainly true that patients do not 
agree as to the sense of dmection of movement both as regards subjective and 
objective orientation; and, moreover, pure unilateral labyrinthine lesions ^yill 
occasionally give rise to the same order of sensations as those described by the 
Queen Square Hospital patients who had intracerebellar tumours. It is possible 
to account for this difierence in the sensations of apparent movement when we 
take into consideration the researches of F. S. Lee (93) in the labj’^rinths of 
elasmobranchs. This observer found that a ‘ slight pressure ’ applied to an 
ampullary nerve caused deviation of the eyes in one direction, while ‘greater 
pressure ’ caused deviation of the ej'eballs in the opposite direction. This, 
together with other considerations, led to the hypothesis of ‘ principal ’ and 
‘ subordinate ’ functions for each ampullary division of the vestibular nerve, an 
hypothesis in favour of which further evidence has been obtained by observations 
in the human subject (135). Each ampullary nerve will then convey stimuli 
which produce reflex movements and sensations of movements in a certain 'plane, 
and the direction of these movements depends vjpon the cha'raeter of the stimidus: 
‘ kathodal galvanic current ’ producing movement and sensation of movement in 
one direction and the ‘ anodal currents ’ the same movements in the opposite 
direction. By varying the temperature of ‘ caloric stimuli ’, and by altering the 
degree of pressure in ‘ pressure stimuli ’, a reversal of direction of reflex movement 
and of the sensations of movement can be produced (11, 22, 38, 45, 92, 93, 98, 135). 

What applies to labyrinthine stimulation and lesions may well apply to 
extr'a-cerebellar lesions, and the perception of direction in the sensations of 
giddiness depends probably not on intellect, but upon the exact source and 
intensity of the stimulus. 
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■ For these and other reasons we think with Oppenheim (114) that the 
direction in consciousness of apparent movement is not reliable in seeking to 
establish a diagnosis of localization, certainly as regards peripheral lesions. 

Forced Movements. 

When we assume an unstable attitude of the body and attempt to regain 
balance by bringing a powerful set of muscular movements into play to save 
ourselves from sudden precipitation, the effort is associated with a much greater 
sense of exertion than could be accounted for by the muscular energy used. It 
seems natural to assume that this exertion is the result of a purely voluntaiy 
act, whereas, without considering the fundamental characters of volition, we 
know that the act is more than probabl}’- the direct effect of reflex processes. 
The character of the movements necessary to regain lost equilibrium is the same 
as that of forced movements which cause loss of balance in vertigo. The reeling 
gait, unilateral deviation, falling forwards, backwards, or sideways, ai'e all forced 
movements which occur in spontaneous veitigo. 


Experimental Vertigo. 

The same movements can be reproduced in normal persons by certain 
physical stimuli, which unbalance the impression-complex : for instance, (1) by 
irrigating the ear with hot or with cool water, (2) by whiiling quickly round 
and round, (3) by passing a transcephalic current of galvanism, (4) by placing 
a prism before one eye, (5) by laterally displacing the globe of one eye by gentle 
pressure with the finger. The last mentioned is a well-known physiological 
experiment recently brought to mind in a paper by Hughlings Jackson and 
Paton (80). 

Expenment. If we cover one eyeball and, while walking and looking 
straight ahead, displace the other eyeball laterally inwards by pi'essure with 
the finger at the outer canthus, we make objects in the visual field appear 
laterally displaced too. The retinal impressions and the oculo-motor impressions 
are out of harmony and a feeling of vertigo is produced, accompanied by lateral 
deviation in gait toward the direction of the displaced image. Sometimes this 
effect is more noticeable when the displaced eyeball is suddenly released, the 
deviation in this case being in the same direction as the retinal imago moves in 
its return to the normal position. In trjdng the experiment an attempt should 
be made to walk straight to an object in view. The sensation of dizziness may 
last some minutes afterwards in some individuals, and is sometimes accompanied 
by slight nausea and headache. 

We can reproduce still more typical forms of vertigo with all tho varied 
characters of the spontaneous forms by stimulating the vestibular labyrinth 
(11, 22^27, 38, 45, 50, 93, 98, 99, 122, 133, 135). 



VERTIGO 


247 


Glinical Vertigo. 

As we have ali-eady mentioned, Gowers (58) maintained over twenty years 
ago that labyrinthine vertigo was by far the commonest of the clinical varieties. 

Mol de mer. It is recognized that sea-sickness is a form of vertigo due to 
commotion set up in the semicircular canals. Patients whose labyrinthine 
reactions are brisk are much more liable than others to suffer sea-sickness, 
whereas those whose labyrinths are sluggish or absent, as in many deaf-mutes, 
do not experience sea-sickness (81). It is interesting to observe that nausea and 
vomiting are more likely to result from hyperstimulation of the superior canals 
than of the other two canals; this accords with the well-known fact that 
a rolling boat is more like to upset a sensitive subject than a pitching boat, and 
that one of the best means of diminishing or preventing mal de mer is to 
assume a reclining position athwart the vessel, with face uppermost. Some 
persons find relief by closing the eyes, thus removing an additional source of 
discordant impression. 

Ocular vertigo. V ertigo purely ocular in origin may be experienced while 
watching an unfamiliar expansive mass in a state of continuous motion (81), such 
as a waterfall. Fleeting retinal images successively alternating with ocular 
* movements of pursuit ’ produce a ‘ nystagmic demeanour ’ (James) and, being 
unaccompanied by familiar muscle-sense impressions, account for the instability 
and giddiness which continue after the eyes are turned aside, with the illusion 
that objects are now moving in the opposite direction (James). 

Train sickness is another form of vertigo, which probably owes its oifgin in 
part to ocular and in part to labyrinthine disturbances. The giddiness associated 
with certain intracranicd lesions may also be explained by disturbed vestibular 
or ocular impressions, or by interference with other co-ordinating impressions 
which such lesions induce (58). 

So-called lat'yngeal vertigo does not appear* to be associated with disordered 
ocular or vestibular impressions. The phenomenon is perhaps a form of 
temporary asphyxia due to laryngeal spasm. Several cases have been recorded 
during the last few years, including those by St.-Clair Thomson (150), Jobson 
Horne (78), and Whalen (160 a). 

Idiopathic epileptic seizures frequently begin with a feeling of giddiness and 
sometimes definite rotatory vertigo. Gowers mentions the occm-rence of giddi- 
ness in one-sixth of all attacks (58). 

Some difiiculty may be experienced in differentiating labyrinthine vertigo 
from vertigo associated with petit mal, particularly when the patient is the 
subject both of epilepsy and of gross disease of the ear. 

Aldren Turner (151), in his monograph ‘Epilepsy’, makes a comparison 
between ‘ minor epilepsy ’ and ‘ minor aui-al vertigo ’. In both conditions the 
onset of vertigo is sudden, the duration is brief, and the attack may be accom- 
panied by palloi*, loss of balance, confusion or possibly momentary blurring or 
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loss of consciousness. Tinnitus occurs in both diseases, but deafness -would be 
in favoui'of aui-al vertigo. On the other hand, the occun-ence of interparoxysinal 
dementia or amnesia, as well as of post-paroxysmal automatism, is absolutely 
characteristic of epilepsy. 

An examination of the labyrinthine reactions should settle the diagnosis as 
a rule in a doubtful case. 

Other causes of vertigo. Yertigo also occurs in malaria (47, 52) apart from 
treatment by quinine, as well as in other diseases such as pellagi-a (130) and 
Gerlier’s disease (107) or paralysing vertigo. Precisely how the infection in these 
diseases produces giddiness or which set- of impressions is disturbed does not 
seem to be yet known. 

Certain di-ugs are capable of setting up vei-tigo, especially alcohol, quinine, 
salicylates, tobacco, and probably a number of at present unknown toxins. 
Veronal and allied preparations may also produce vertigo. 

Syperarterial tension. Giddiness is not an uncommon symptom in general 
diseases of the vascular system, particularly when these are accompanied by 
arterial hypertension. Experiments on this subject have been undertaken by 
Lafite-Dupont (84), who found that a rise of arterial pressure was accompanied 
by a rise in pressure of the cerebro-spinal fluid, and also of the intralabyrinthine 
fluid. The same observer thinks that arterial high tension will explain certain 
auditory phenomena which he regards as due to a form of labyrinthine byper- 
aesthesia, and accounts for (1) tinnitus, (2) loss of appreciation for high tones, 
(3) diminution of sensitiveness to sound by bone-conduction, and (4) vertigo. It 
would seem, also, that cei-tain forms of headache and otalgia are also explainable 
by the increased tension. Here we see the rationale of lumbar puncture (8, 9) 
for the relief of vertigo when associated with cerebro-spinal hypertension ; also 
Avhy we seek the cause by dfrecting attention to the arterial system (116, 109). 

Vertigo and Vomiting. Giddiness, tinnitus, and deafness represent a fre- 
quently-met-with clinical triad. The occurrence of vomiting as an outstanding 
feature in association -with giddiness formerly gave rise to the conception of 
a gastric foi-m of vertigo (Ti-ousseau), anent which Gowers (58) in 1888 -wiote, 
‘I do not think it is quite certain that there is such a thing as definite vertigo of 
purely- gastric origin.’ Gowers (58) has dravm a picture of the widely-spread 
erroneous belief that ‘ giddiness is due simply to biliousness ’. He says, ‘ After 
severe vertigo has lasted for a short time, nausea comes on followed by vomiting, 
the patient becomes pale, and a cold "sweat breaks out The pallor and physical 
depression are often extreme and very alarming in aspect. If the ^ddiness 
persists the vomiting may go on for some hours, and after the stomach has been 
emptied bile is brought up, as'is usual in continued vomiting. . . . The vertigo 
is often increased by any miovement of the head, and. the 2 mticnt may he uoiahle 
to raise the head from the pillow nvithout being sick. The interference -with 
the functions of the stomach occasions some indigestion, and especially some 
diairhoea.’ 

' . The relation of vertigo and d 3 ’spepsia has recently been discussed by 
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F. Raymond (126). This miter asserts that dyspeptic symptoms do not precede 
the vertigo and cannot he regai'ded as a cause. He thinks it is especially important 
to examine and test the ears of patients suffering from dyspepsia and giddiness. 

In spite of these authorities a belief still prevails that vertigo is due to 
derangements of the alimentary tract per se, and to this want of recognition 
of Gowers’s teaching we must attribute the fact that we meet with patients 
suffering from gross disease of the labyrinth who have been treated for 
‘biliousness’, ‘gastric influenza and ‘fainting attacks due to dyspepsia’, &c. 
Gowers (58) based his opinion oh ‘ 106 consecutive cases in which vertigo made 
the patient seek advice, in no less than 94 of whom ear-symptoms were present — 
tinnitus or deafness or more often both He found that in ‘ all his cases ’ there 
was ‘ diminution of appreciation for sound by means of bone-conduction ’. 

Now it is by no means certain that all cases of aural veiiigo are due to 
morbid processes of the labyrinth, or of the auditory nerve, but that temporary 
affections of the external or middle ear by physical effects on the labyrinth may 
determine vertigo. Gowers makes it clear, therefore, that he excludes many cases 
of aural vertigo, which are associated with affections of. the external or middle 
ear, characterized by deafness of the middle-ear type, when he says, ‘ a defect 
of hearing through the bone always existed, and in almost all cases in which 
it was sought a distinct difference between the two sides emphasized its 
pathological character.’ 

We are satisfied, therefore, that this authority did not over-estimate the 
frequency of aural vertigo. HacBiide (96) obsex-ved a case of vertigo associated 
with so-called diminished intra-tympanic pressure, in which the symptoms of 
giddiness were instantly relieved by inflation of the middle ear. This case was 
commented upon by Grainger Stewart in 1884. 

Dundas Grant (60) rightly insists on the fact that such cases are not un- 
common in aural practice. In their well-known Textbook on Medicine, Fagge 
and Pye-Smith (46) quoted Knapp and Biiinner (Zurich), who had desciibed such 
cases, which are now better recognized than formerly. Examples of vertigo 
relieved by removal of impacted cerumen which pressed upon the tympanic 
membrane or ossicles were familiar' to Toynbee (150). 

Nor do Gower-s’s statistics take into account cases of vertigo due to infections 
of the labyrinth, consecutive to middle-ear disease, and which represent no 
inconsiderable class, judging by the frequency with which they are met with 
in aural practice (Tl, 88, 105, 134, 159). 


Meniere: a Retrospect 

When Mdniere (103) fifty years ago drew attention to the association of vertigo 
with derangements of the ear, he had in mind the discoveries of Flourens (49) 
(1828-71842) demonstrating the relations of the semicircular canals to the sense 
of equilibrium. Meniere no doubt considered that Flourens’s physiological data 
were applicable to the consideration of certain forms of giddiness and disturb- 
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ances of equilibrium which formerly had been regarded as due, to a central cause. 
What he really showed was that sudden apoplectiform seizures, associated with 
tinnitus in persons previously healthy, may be followed by. deafness, and that 
the cause of sucb attacks may be proved to' be associated with an affection of the 
internal ear or labyrinth. The firet nine cases Mdnihre brought forward were 
examples of paroxj^smal vertigo, with tinnitus and deafness,' unassociated with 
evidence of middle-ear disease. The tenth case was somewhat different from the 
others, and was the only one which ended fatally. 

Briefly, this often-quoted case was that of a young woman who was seized 
with a severe cold, followed by deafness, and intense vertigo. The vertigo xvas 
aggravated by the slightest movement of the head, which brought on attacks 
of vomiting. The patient suffered from pains in the head, became comatose, an'd 
died on the fifth day of the illness. 

Post mortem. Mdnihre examined the brain and internal ears. ‘ J’enlevai 
les tempoi-aux afin de rechercher avec soin quelle pouvait etre la cause de cette 
surditd complete survenue si rapidement. Je trouvai pour toute Msion les canaux 
demi-circulaires remplis d’une matihre rouge, plastique, sorte d’exsudation 
sanguine, dont on apergevait a peine quelques traces dans le vestibule, et qui 
n’existait pas dans le lima 9 on ’ (cochlea). 

Mdnifere does not explain the cause of death : ‘ La n^cropsie d^montra que le 
cerveau, le cervelet (cerebellum) et le cordon rachidien dtaient absolument 
exempts de toute alteration.’ Nor did he show the true nature of the disease. 
He succeeded, however, in establishing an ‘ essential con’elation between deafness, 
vertigo, and a lesion of the semicircular canal apparatus ’ in this patient. 

Other wiiters than Meniere have shown a disposition (e.g. CuviUier, 37) to 
attribute the lesion in this case to haemorrhage into the labyrinth, and there is 
a tendency to regard ‘ Mdnime’s disease and labyrinthine haemorrhage ’ as 
a clinical and pathological entity. The misuse of the term ‘ Mdniere’s disease ’ 
has been already pointed out by several wi'iters, including W. A. Syme (147) 
(Edinburgh), 

From our own experience the blood-stained effusion into the labyrinth was 
most likely the result, not of haemorrhage, but of an inflammatory exudate. The 
appearances as described by M^ni^re were similar to those seen in cases of acute 
(streptococcal) infections of the labyrinth secondary to middle-ear disease (134). 
The course of the symptoms and of the iUness in Mdnihre’s case is also consistent 
with the view that the onset of coma and death on the fifth day were due to 
increased intracranial pressure, caused by acute internal hydrocephalus (meningi- 
tis serosa maligna), which even Menihre maj’- have regarded as an unessential 
feature. A parallel case was under the present writer’s observation (136) in 
1 907 ; - death took place on the eighth day. 

The statement by Mdniere that the brain appeared normal does not belie 
this view, nor does the absence of any repor-t concerning the middle ear. Ex- 


- Compare also cases of serous meningitis by Ballance, Hinsberg, &c. 
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amples of intracranial infections due to acute otitis media unassociated with 
discharge from the ear are met with from time to time (134). 

Cases similair to Mdnifere’s tenth ease would not necessarily prove fatal at 
the present time. By early incision of the membrane in acute non-perforative 
otitis media (French Congress of Otology), or by drainage through the antrum 
direct, the infection need not spread. to the internal ear; and in cases in which 
the labyrinth is ali’eady implicated, and perhaps already associated with increased 
cerebro-spinal fluid, life may be saved by means of a properly conducted operation 
to remove the focus of infection, and to drain the labyrinth and meninges (160). 

In upholding the view that Menihre’s fatal case was due to infective processes 
we should mention that Alexander (4), according to J. S. Fraser (23), accepts the 
haemorrhagic hypothesis, and considers the case was one of splenic leukaemia. 
In one of Alexander’s cases the right auditory and facial nerves were infiltrated 
in addition to extensive haemorrhage into both labyrinths. That true haemorrhage 
into the labyrinth may occur AJexander (4) has clearly shown, and we have in 
our literature records of this condition (110, 85, 157). But we cannot regard 
labyrinthine haemon-hage as the principal cause of the symptom-complex in the 
recurrent form of paroxysmal vertigo so frequently met with. 

To what then are we to attribute the disturbances in the labyrinth in 
recuixent cases of vertigo % Pathological evidence is still scanty on this point, 
but there is a tendency to make primary degenerative processes in the vestibular 
nerve responsible for some of the cases (Manasse, 100) ; vaso-motor disturbances 
may account for others, while a considerable number are undoubtedly explained 
by diminution of the blood supply to the labyrinth due to diseases of the 
basilar and internal auditory arteries or to general vascular disorder (116). See 
Friedreich’s (55) case. 

Labyrinthine hyperaemia may develop in the course of acute otitis media, 
and is also caused by such drugs as amyl nitrite. Albert Gray (161) lays stress 
on vaso-motor disturbances. 

It is possible that certain toxins are responsible for more cases than we are 
at present aware of. 

One, of the most illuminating monographs on this subject is that by 
L. V. Frankl-Hochwart (72). This writer’s observations are based upon records 
of 208 patients who presented the Mdnifere symptom-complex and who were 
carefully examined by competent otologists. 


Examination of lahyrinth. 

It may be profitable to briefly consider here the methods of investigating 
the functions of the labyiinth (11, 19, 163). 

The vestibular nerve, which conveys impressions from the semicircular canals, 
utricle, and saccule, is stimulated normally by ordinary movements of the head, 
and may be hyperstimulated by (1) irrigation of the ear with hot or with cold 
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•water • (2) by whirling round and round and coming to a sudden stop ; (3) by 
galvanism applied to the ear; by meatal compression or rarefaction in certain 
cases, especially when middle-ear disease and labyrinthine fistula coexist.^ ' 

The functional examination of the special apparatus for preserving equilibrium 
is necessary to ascertain (1) whether the apparatus is normal, (2) whether it is 
defunct, (3) whether it is partially defective. 

The clinical methods of examination are based upon the results of physio- 
logical reseai-ches into the labyrinth in the seventies of last century, especially 
by Mach (98), Breuer (22), Cyon (38), which have been followed by the 
studies of Ewald (45), von Stein (143), Hogyes (73), and Barfey (11). Their 
researches have been confirmed bj'’ numerous other independent investigators 
(93, 99, 133, 152). 

Forced movements due to labyrinthine stimuli. — Expenmental Romhergism. 
The type of movement obtained in normal persons depends upon the part of the 
labyi'inth excited. If one superior semicircular canal is hyperstimulated the 
subject falls over sideways when the head is erect. Irrigation of the right 
ear alone with hot water (105° to 115° F.) (assuming the head to be erect) will 
produce a fall towai’ds the left -side of the head ', cool water a fall to the right 
side : in-igation of the left ear alone produces con-esponding effect. Disagreeable 
sensations may be set up if unneeessaiily strong stimulation is applied. 

By whirling we can pick out each semicircular canal to stimulate it by 
suitably adjusting the position of the head in respect to the plane of rotation. 
In this way forced circus-movements, lateral deviation, pleurothonia, opisthonia, 
and emprosthonia can each be provoked at will, both in noimal subjects and in 
those who possess only one set of. semicircular canals. In patients whose 
semicircular canals (on both sides) cease to functionate it is-impossible to produce 
these forced movements or vertigo by the methods mentioned (86, 98, 122, 135). 

Forced movejnents of the eyeball : Deviation : Nystagmus. Hyperstimula- 
tion of the labyrinth produces deviation of the eyes, in a direction which 
corresponds to that of the head- and body-movements. The eye-movements are 
sometimes the first forced movements noticed ; sometimes the movements of the 
head and trunk are first observable. Nystagmus comes into play as the result 
of a secondary reflex, due perhaps to muscle-sense impressions, but especially 
easily produced by attentive deviation of the eyes in the direction opposite that 
of the primai-y deviation. 

Spontaneous vertigo is, dui'ing the paroxysmal stage, usually accompanied 
bj' nystagmus, as described by Hughlings Jackson and others (83). 

Nystagmus and vertigo. It has been known for more than 100 years (39) 
that nj'stagmus could be produced by rotation. In 1828 Flourens noticed 

* Experience is necessary in the application of these tests. No definite rule.s can be laid 
down as to the temperature necessary for a reaction in individual subjects ; nor the angular 
velocity and number of revolutions which may be required. It is always advisable to find the 
minimum stimulus to produce a definite reaction. Minimal stimuli in some diseases, e.g. 
Friedreich’s ataxia, may cause almost general convulsive reaction : great care is therefore to 
be exercised. 
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nystagmus as the result of interference with the vestibular labyrinth (49). It is 
only (iomparatively recently that attention has been concentrated clinically upon 
the type of nystagmus associated with labyidnthine vertigo (11, 133). 

We recognize a particulai' kind of nystagmus of which there are three main 
types, namely, rotary,, horizontal, and vertical (rarely oblique). Labyrinthine 
nystagmus is most intense when the visual axes are directed to a certain point 
of the binocular field (the point of maximum intensity). . The to-and-fro 
movements are alternately unequal in velocity, the more rapid movement 
being towards the point of maximum intensity. Nystagmus, which exists only 
when the visual axes are directed beyond the limits of the binocular field, 
cannot be regarded as labyrinthine in origin, even though it resemble this form 
in type. 

One of the chief characteristics of labyrinthine nystagmus is, that it is 
asymvietrical. But all forms of nystagmus which have this quality are not 
labyrinthine in • origin. Some are purely ocular ; some are congenital. 
Labyrinthine nystagmus tends to decrease in intensity in the course of time (15). 

(1) When labyrinthine nystagmus or other forced movements result from 
stimuli applied to the semicircular canal apparatus, we infer an intact mem- 
branous labyrinth and vestibular neiwe. 

(2) Imperfect reactions indicate partial defects. 

(3) When stimuli are inert, we infer that either the labyrinth or vestibular 
nerve is defunct. 

(4) Spontaneous labyrinthine nystagmus may be modified, or other forced 
movements inhibited or induced by stimulation of a partly functionating 
labyrinth or vestibular nerve. 

(5) Failure to produce any effect on existing spontaneous labyrinthine 
nystagmus, or to set up any new forced movements by different forms of stimu- 
lation applied to the semicircular canals or vestibular nerve, proclaims a defunct 
organ or nerve. 

The following tables summarize the principal conditions under which it is 
possible to observe the various kinds of labyrinthine nystagmus (133). 


Table I. Rotatory {coimterclochivise) Nystagmus observable during 
attentive deviation and fixation of the eyeballs to the right. 


(1) By tlieiinal methods. 
Cold water irrigation 
Hot ,, 


Cold ], ,, 


Left ear 
Right ,. 
Left „ 
Right „ 


(2) By whirling about a vertical axis. 
Direction of whirling counterclockwise 

„ ., clockwise 

(3) By galvanism. 

Current of 5 to 15 milliamperes 


Head erect 


„ inverted 


Face downwards 
„ upwards 




19 


Kathode to right ear, anode in right hand 
Anode to left ear, kathode in left hand 
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Table II. Gloclcxvise Nystagmus ohsex'vahle during attentive deviation 
ajul fixation of the eyeballs to the left. 


1) By thermal methods. 

Cold water irrigation ' Right ear 

■.Hot „ „ Left „ 

II I) u ■ Right „ 

Cold „ „ Left . „ 

(2) By whirling about a vertical axis. 
Direction clockwise 

,, counterclockwise 


(3) By galvanism . 
Current of 5 to 15 milliamperes 


Head erect ■ 


inverted 


Face downwards 
„ upwards 


Kathode to left ear, anode in left hand 
Anode to right ear, kathode in right hand 


Table III. Horizontal Nystagmus observable dxvring attentive 
deviation and fixation of the eyeballs to the right. 


(1) By thermal methods. 

Cold water irrigation Right ear 

Hot „ „ Left „ 

Right 

Cold ,, „ Left 


Face downwards 


j, ,, 

II Left „ 

(2) By whirling about a vertical axis. 

Direction counterclock'svise 

„ clockwise 

(3) By pressure on a fistula of the right horizontal semicircular canal 
certain cases of middle-ear disease. 


upwards 


Head erect 
„ inverted 


Table TV. Horizontal Nystagmus observable during attentive deviation 
and fixation of the eyeballs to the left. 


(1) By thermal methods. 

Cold water irrigation Left ear 

Hot „ „ Right „ 

II II II Left ,, 

Cold „ „ Right,, 


Face downwards . 
„ upwards 

II II 


(2) By whirling about a vertical axis. 

Direction clockwise Head erect 

,, counterclockwise ,, inverted 

(3) By pressure on a fistula of the left horizontal semicircular canal 
certain cases of middle-ear disease. 


Table V. Vertical Nystagmv^ observaMe during attentive deviation 
of the eyeballs wpivards {in relation to the orbit). 

(1) By whirling. 

Counterclockwise Head with right side downwards 

Clockwise „ „ left „ „ 
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Table VI. Vertical IVyslagrtvas ohaervcihle durimf attentive deviation 
ami fixation of the eyeballs downwards, 

(I) By whirling. 

Cloclcwiso Right sitlo of head downwards 

Coimlorclockwiso Loft „ „ 

Buys and Hennoborfc (27) have succeeded in recording tracings of the oyo- 
movemont in labyrinthine nystagmus by an adaptation of Ufayor’s tambour 
applied to the globe of the eye, the tracing being taken in the usual way by 
moans of a stylet and revolving drum. 

It is possible to photograph those oyo-movomonts and reproduce tiio move- 
ments cinematograph ically, as tho present writer (137) lias done. 

The phenomena of nystagmus may bo associated witli tho symptom-complex 
of Mdni6ro’8 vertigo, as Hughlings Jackson observed many years ago (80). 

Tho degree of nystagmus produced by tho above methods in normal subjects 
does not always correspond to tho intensity of tlio vertigo. In tlio majority of 
individuals nystagmus and vertigo correspond, but there are, exceptions ; first, 
of those who become giddy before nystagmus develops ; and, secondly, those 
who exhibit well-marked nystagmus in response to hyperstimulation without 
experiencing sensations of giddiness. .It is, however, worth noticing that 
patients who display nystagmus in re.sponso to stimulation, without evincing 
any sign of giddiness, appear to take some jiains to immobilize the bead. It 
is evident that nystagmus docs not play tho part of a causal factor in giddiness 
any more than ataxic gait would do, and yet it is jiossiblo by closing tho eyes in 
one case and by resting in tho other that tho feelings of giddiness are somewhat 
diminished. Tho same relationship between nystagmus and vertigo holds good 
in spontaneous seizures (93, 95). 

li'etu Tests {Bdvrdny, 1910). Wo shall conclude this consideration of tho 
functional I’cactions of tho semicircular canal apparatus by .referring to 
a certain foi’m of forced movement which has been introduced recently 
by Bfir/lny (14) and is of interest in connexion with the investigation of 
cerebellar functions (129). If, during a state of labyrinthine excitation arti- 
ficiall}'^ induced, a normal individual attempt to execute certain purposeful 
movements it will bo observed that tho intended movements are inodified 
according to tho particulai' stimulus ajjplicd. 

When, for instance, a normal subject who is seated in a chair which is 
rotated a certain number of times and then stopped immediately attempts to 
point with tho finger to a fixed object hidden from view in front of him, ho will 
doviato his finger several inches to one side, just as ho will deviate in his gait 
to one side (circuswise) if ho attempts to walk forwards with eyes closed 
immediatel}'^ after rotation. 

This deviation of the pointing hand is to bo regarded ns a normal rotlex act, 
due to h 3 'perstimulation of tho horizontal semicircular canals. Either hand Avill 
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bebave in tbe same way. The direction of deviation is the same as that of 
rotation. 

In cases of unilateral destructive lesion in one cerebellar hemisphere the 
normal deviation of the finger is not produced in the ipsolateral limb when the 
chair is turned to the contralateral side, whereas after, rotation to the ipso- 
lateral side the normal deviation reaction takes place in the limbs on both 
sides. 

Such is a somewhat concise statement of the reaction which Barany 
demonstrated correctly in three unselected cases of unilateral cerebellar lesion ; 
the patients had recovered, after a tumour or cyst had been removed by 
Horsley from the lateral lobe of the cerebellum, some months or years previously. 
-The present writer has since obtained corroborative evidence; but we have yet 
to learn whether -we can place these reactions side by side with those described 
by Grainger Stewart and Gordon Holmes (75). 

Gases Clinically and Pathologically Examined. ' 

The number of cases in which careful clinical examination of the special 
reactions of the labyrinth have been compared with detailed histological 
examination is still so few, that a case published by .Alexander Bruce and 
J. S. Fraser (23) is of special interest. 

Alagna (2) (de Paleme) has written an important paper on ‘ Tumours of the 
Auditory Nerve in which he has compiled some twenty cases collected from 
continental literature from 1840 to 1909. This writer restricts his study to cases 
of tumour originating in the auditory nerve as distinct from those which arise in 
tbe dura mater of the internal auditory meatus or from the posterior surface 
of the petrous bone. The symptoms noticed in these cases were (1) labyrinthine, 
namely giddiness, ataxia, tinnitus, deafness, vomiting; and later (2) intra- 
d'anial, e. g. headache, followed by signs of involvement of other cranial nerves, 
especially from the fifth to the tenth. 

Voltolini’s (154) case (1861) appears to have been the finst in which the 
pathological examination was made histologically. A sarcoma was found 
involving the seventh and eighth nerves in the intenial auditoiy meatus. 

Bruckner’s (24) case (1867) was typical. A woman of 28 years had suffered 
from deafness in the left ear with vertigo, which lasted four years before other 
nerves became involved. Autopsy : — glioma involving sixth to tenth nerves on 
tbe left side. 

Sorgs’s (141) case (reported in 1901 from Schroetter’s clinique) is one of the 
first in Alagna’s (2) list which gives a report of an otological examination .which 
was made by Alt : 

A woman, aged 42, for eighteen months vertigo and weakness of limbs, fol- 
lowed by vomiting and headache ; gait deviating to the right ; defective hearing 
on the left side ; diplopia ; hyperaesthesia of scalp ; tremor of limbs ; fixed pupils ; 
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sixth .nerve paralysis (left) ; horizontal nystagmus ; Rombergism ; weakness of 
left limbs ; no sensory disturbances of extremities ; taste, slow reaction ; tachy- 
cardia ; knee-jerks brisk ; fifth nerve neuralgia (left) ; visual hallucinations ; 
hearing, right side normal. 

Weber’s test referred to the right. Left side: Rinne, positive (= air better 
than bone' conduction) ; Schwahach’s test, negative ( = loss of bone conduction) ; 
Eustachian tube patent ; no improvement by inflation. Autopsy : fibro-glioma 
of left auditory nerve. 

Alexander and Frankl-Hochwart (72) also give the results of a special 
examination. 

A man, aged 49, whose gait became uncertain two years before he was seen, 
had vertigo and fell ; there was frequent vomiting. He sufiered from noises 
in the ears, deafness, and headache. Nystagmus was evident on deviation 
upwards and to either side. The pupils reacted to accommodation but not 
to light. The fifth cranial nerve was involved. Alexander’s examination of 
the ears showed the tympanic membranes were both opaque. The voice was 
heard 5 metres from right ear and 1 metre from the left. 


Bight. 

Opaque 
5 metres 
Not on contact 
Great loss 
Slight loss 
Referred to right 
Positive 

Negative 

Slight improvement 


Tympanic membranes 

Voice 

Watch 

High tones 

Low tones 

Weber 

Rinne 

Schwabach 

Eustachian catheter 


Left. 

Opaque 
1 metre 
Not on contact 
Great loss 
Slight loss 

Positive (air better than bone 
conduction) 

Negative (loss of bone conduc- 
tion) 

No improvement 


Before death facial paralysis was observed, and the patient succumbed in a state 
of coma which followed the intense headache and frequent vomiting from which 
he suffered. 

Autopsy (by Dr. Landsteiner). Extreme hydi’ocephaly ; tumour of left 
seventh and eighth nerves. Histology of the labyrinth showed atrophic 
degeneration of cochlear nerve, ganglia, organ of Corti, stria vascularis, &c. 

A systematic examination of the hearing is necessary before we can 
localize a defect. Slight imperfections in hearing may be undiscovered if 
we trust to too rough and ready methods. As we owe most to Bezold’s 
system, it may be advantageous to recall his methods. Hearing distance 
for whispered numbers is first tried. Then the hearing is tested with one of 
the lower middle tuning-forks by air and by bone; next the original Rinne 
and Weber tests are applied. These must be repeated several times, and any 
discrepancies noted for further investigation. The acuity of hearing high tones 
is detennined with one of the high forks, e.g. c®. Lastly, we ascertain the 
limits of the range in the upper and lower scales. When the range is small 
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and the loss of acuity very great we detei-mine the presence or absence of 
‘ hearing reliefs (19) 

The diagnosis of an affection of the sound-perceiving apparatus depends 
upon the following points : (1) relatively good perception for deep tones ; 
(2) decidedly poorer perception for high tones : (3) a low lower-tone limit ; 
(4) marked contraction of the upper range ; (5) diminution of acuity for tuning- 
forks by hone conduction and Rinne’s reaction, positive (air much better than 
bone conduction). 

The present writer has, however, observed cases of gross disease of the 
auditory nerve (tumour) in which there was a rapid progressive loss of low 
tones which attained a loss of nearly 4^ octaves (on the side of the lesion), 
while the highest tones were accurately and consistently preserved on both 
sides ; moreover, Rinne’s test, which was at first positive, became negative. The 
patient, a woman (Mrs. H. C.), died in the National Hospital for the Para- 
lysed and Epileptic. The last examination was made the day before she 
succumbed, and the autopsy took place a few hours after death. The middle 
ear and stapes were perfectly normal. A tumour involved the left auditory 
nerve, the examination of which is unfinished (Nov., 1910). 

In other eases of auditory nerve tumours, a general contraction of the 
auditory field has been observed. Those, therefore, who are accustomed to rely 
upon a single tuning-fork for a diagnosis will do well to keep in mind that 
unilateral Rinne negative does not exclude a nerve lesion, while a positive 
Rinne may be ‘relatively negative’ and does not exclude a m.iddle-ear defect 
(cf. current otological literature). 

Lastly, diminished bone conduction may be restored in certain cases of 
Eustachian obstruction to noi-mal bone conduction by simply infiating the 
Eustachian tubes, which shows that loss of bone conduction does not necessarily 
indicate auditory neive disease. This point does not generally appear to have 
been noticed. 

Auditory symptoms, namely tinnitus, defective heai’ing, and vertigo, were 
among the early symptoms of all Stewart (145) and Holmes’s eleven cases (not 
included in Alagna’s paper) of extra-cerebellar tumour at the National Hospital, 
Queen Square, while deafness or tinnitus was absent in only a few of the intra- 
cerebellar cases. 

The following appear to have been unusual^:— 

Case I. Large tubercular tumour of left lateral lobe, the greater part of 
which was destroyed. ‘ There was no deafness, tinnitus, or vertigo ’, but the 
patient had had ‘ fainting attacks with falling backwards ’. 

Case VIII. Glioma of vermis and adjacent parts of each lateral lobe, chiefly 
of the right. (Recovered after removal of tumour by operation.) The patient 
had ‘ vertigo and tinnitus like ringing bells, but no deafness ’. 

Case IX. A similar case, but in which there was defective hearing on 
one side. 


< Bivin, p. 559, part 108. 
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Case X. Glioma of vermis and lateral lobes, cbiefly right. ‘ Never vertigo, 
tinnitus, or deafness.’ 

According to these authors’ evidence it would seem that the clinical triad, 
vertigo, tinnitus, and deafness, is consistently met with in auditory nerve 
tumours, and occasionally in tumours of the vermis or lateral hemisphere of 
the cerebellum. 

The presentation of atypical signs in auditory nerve tumours is recorded 
in a case by H. Oppenheim (114), in which homolateral spastic paresis, and 
analgesia, clonus, and Babinski extensor response were associated with the usual 
signs of a left cerebello-pontine tumour (confirmed by autopsy).® 

The absence of characteristic signs is also recorded by F. Schupfer (132). 

The importance of contrasting the symptomatology of cerebellar and 
labyrinth disorders is emphasized by the parallelism which we find between 
diseases of the labyrinth and extra-cerebellar tumours on the one hand, and 
between cerebellar abscess and cerebellar tumours on the other (129). 

In Neumann’s monograph. Otitic Cerehellar Abscess, conclusions are based 
on 196 cases of otitic cerebellar abscess and 336 cases of otitic temporo- 
sphenoidal abscess (112). 

The labyi'inth was first diseased in the majority of cases of cerebellar 
abscess due to chronic ear disease. 

Acute otitis media accounted for 12 per cent, of the cerebellar abscesses. 
The path of infection was direct from the antrum or through the lateral sinus 
to the cerebellum, not through the labyrinth in these acute cases. 

The present writer noticed the formation of an intracerebellar abscess (left 
side), unaccompanied by giddiness, in a patient whose left labyrinth had pre- 
viously become disorganized (133). Inco-oi’dination, paroxysmal yawning, and 
nystagmus ‘ towards the lesion ’ were the most noteworthy signs, with absence 
of labyrinth reactions. Another patient (133) had headache, vertigo, falling 
backwards, with inco-ordination of upper extremities, hypotonia of the left limbs, 
and dysdiadokokinesia and coarse lateral nystagmus ‘ to the left ’, with tendency 
to deviate eyes to the right. There was a retrocerebellar (extra-cerebellar 
intradural) abscess, with inflammatory oedema of the left lateral lobe.® 

The importance surgically of a correct diagnosis of cerebellar lesion is 
emphasized by R. T. Williamson, who has compiled some statistics on the 
results of cerebellar surgery (161 ; see also 10, 21, 70, 94, 164). 


Principles of Treatment. 

Vertigo is rarely mono-symptomatic ; other symptoms are generally though 
not invariably present. The first step is to seek the malady of which the 

' See ‘Zur Lehre vom Kleinhimbriickenvrin'keltuinor 2^eurol. Centralhh, Ap. 1, 1910, 
p. 338 ; abst. Edwin Bramwell, Bev. o/Neutvl. and Fsi/ch., 1910, viii. 51, p. 309. 

' Proc. Boy. Soc. Med. (Otol. Sect.), iv. 
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vertigo is tLe effect. Seeing that in over 90 per cent, of cases (Gowers) the 
disturbance is in the labyrinth, attention is first directed to the ear. It is 
necessary therefore to inspect the tjnnpanic membrane, though this is more often 
normal than otherwise ; the middle ear, when the membrane is defective ; 
the naso-pharyns and Eustachian tubes, which may be choked. 

We often require to make a searching test of the hearing and vestibular 
sense organs. As aids to diagnosis an examination of the eyes and a general 
neurological survey must not be omitted. In certain cases particular care 
is caUed for lest signs of an intracranial affection be overlooked — for instance, 
when due to involvement of the projection fibres of the vestibular nerve. 
In cases in which the labyrinthine functions are normal the cause of the vertigo 
must be referred to a possible ocular defect as the next most likely cause. The 
examination of the eyes will be directed to the field and acuity of vision, 
accommodation, ocular muscle balance. To reveal certain ocular pareses 
special methods are required. The importance of optic neuritis need only be 
mentioned. 

The completion of the neurological examination has been dealt with in 
exceUent treatises on diseases of the nervous system, by writers especially 
qualified to speak from fii'st-hand knowledge and experience. In seeking for 
a possible syphilitic virus, Wassermann’s reaction proves of service. In other 
cases it will be necessary to test the blood pressure and its variability, also the 
cerebrospinal fluid pressure, and its chemical and ceUular contents. Without 
thorough examination assignable causes may be overlooked or misunderstood 
(31, 142, 162). Vascular, renal, and digestive functions may be at fault in 
connexion with defective metabolic processes, which may be responsible for the 
circulation of chemical or other toxins or disturbers of vaso-motor action. 


Suw/ma'i'y. 

Vertigo — a state of consciousness of the effect on motor centres of a want of 
baxTOony between afferent impressions. 

Chief afferent impressions disturbed : 

1. Labyrinthine (vestibular). 

2. Ocular. 

3. Muscular sense (including ocular). 

Clinical vertigo — due to vestibular nerve disorders in over 90 per cent, of 
patients who complain of giddiness (cf. Gowers). 

Less common causes of vertigo — ocular, which comes next in order of 
frequency, and lastly the important group due to cerebellar, medullary, and 
pontine disturbances, and other intracranial affections. 

Symptoms of vertigo : 

Subjective of self. 

Subjective of surroundings. 
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Forced movements. 

Vomiting, 

Nausea. 

Pallor. 

Faintness. 

Depression. 

Concentration of attention upon distressing sensations. 

Blurring of consciousness (rare). 

Associated : 

Tinnitus. 

Defective hearing. 

Visual sensations. 

Headache. 

When the vertigo accompanies an intracranial lesion with increased intra- 
cranial pressure, there will be — headache, optic neuritis (see Paton), and inter- 
ference with the function of other cranial nerves besides the second and 
eighth. 

Signs formerly regarded as purely cerebellar are now known to be evoked 
by labyrinthine lesions also. 

e. g. 1. ‘ Cerebellar attitude of head’ may be ‘ vestibular attitude’ (Horsley). 

2. Gait: locomotor inco-ordination — cerebellar and vestibular almost 

identical in many respects, 

3. Hypotonia ipsolateral. 

4. Rombergism. 

Signs which are not labyrinthine : 

1. Dysdiadokokinesia (Babinski). 

2. Non-locomotor inco-ordination, e. g. the familiar ‘ finger to nose ’ test. 

3. Asynergia (Babinski). 

As regards the pathological processes in the vestibular nerve endings, there 
is ample evidence of (1) infective lesions, usually secondary to middle-ear 
infection ; (2) haemorrhage (labyrinthine or vestibular nerve) ; (3) auditory nei-ve 
tumours, which play a definite part. And yet there is a large percentage of 
cases of well-defined labyrinthine type of vertigo associated with permanent 
auditory defects in which the nature of the lesion is indefinite. 

In some of these, ganglionic degenerations have been observed by Manasse (100) 
and other otological histologists. In others calcareous deposits have been 
discovered in the labyrinth (61). And there still remain examples in which 
the lesion is not disclosed by the ordinary methods of examination. 

Possibly some ver-tigos are the result of toxic substances, acting directly on 
the nerve tissues or indirectly by causing unilateral arteiio-spasm or vaso- 
dilation. Here then is a field for fruitful research, which can only be filled by 
consideration of all possible data obtainable. 
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INFECTION OF THE UEINARY TRACT IN CHILDREN BY 

COLIFORM ORGANISMS 

r 

By W. M. JEFFREYS 
With Plates 26 and 27 

This is a condition which has recently attracted a good deal of attention 
and led to much discussion of its origin, course, and treatment. We are, how- 
ever, still in ignorance of the actual mode of infection and of a sure means of 
curing the disease, and it is with the object of elucidating to some extent these 
problems that I have brought forward the present series of cases. They have 
been collected from the records of the Hospital for Sick Children, Great Ormond 
Street, and extend over the last nine years. They .are sixty in number, and 
the ages of the patients range from four months to eleven years. 

The diagnosis has been made by bacteriological examination of catheter 
specimens of urine, and only cases so diagnosed have been included in the series. 
The examinations were made by Dr. J. Graham Forbes, Pathologist to the 
Hospital. Sixteen of these cases came under my personal observation, and I was 
present at, or made, the post-mortem examination in six cases. The infecting 
organism was Bacillus enteritidis (Gaertner) in two instances, Proteus vulgaris in 
four, and in the remainder the Bacillus coli communis. I have included Proteus, 
because clinically these cases are indistinguishable from the others, and it is only 
by a bacteriological examination that their nature can be determined. The above 
organisms are the commonest infective agents of the urinary tract in children. 
Among 121 cases from the Hospital for Sick Children, 67 were due to coliform 
organisms, 37 to staphylococcus, 10 to streptococcus, 3 to pneumococcus, and 
4 to other organisms. The reason for this preponderance of the coliform 
organisms is not quite clear, but Bacillus coli communis thrives in an acid 
medium, and is constantly present in the neighbourhood of the uiinary organs. 

I will first give a table of the cases, followed by an analysis, then in detail ■ 
some of the more important ones, and finally discuss the clinical features, 
etiolog. 5 ^, pathology, and prognosis of the disease as shown by this series of cases. 

Of the above cases there have been 14 this year (1910), of which five patients 
died of the disease and one of meningococcal meningitis, in which the coli infection 
was a complication. There were 16 cases in 1909, 12 cases in 1908, and 9 cases 
in 1907 ; the remaining 9 cases were scattei'ed over the previous six years, and 
one of these died of the disease in 1905. This appears as though the disease were 

[Q. J. M., April, igii.] T 
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becoming more common and increasing in severity ; thei’e is no doubt, however, 
that cases were frequently overlooked, and in the fatal cases no bacteriological 
examination made, for on examining the older case-books and post-mortem 
records of the Hospital, I find a fair number of cases presenting similar clinical 
features and similar pathological changes post mortem to those of the present 
series. The fact that all the fatal cases except one occurred in 1910, however, 
would suggest that the disease is of peculiar virulence at the present time. 
There is no particular age incidence, neither is there any evidence that it is more 
common at one time of the year than another. The sexual incidence agrees with 
that generally noted ; there were 53 females and 7 males. 

Only 10 dated the trouble from some previous illness, generally an acute 
specific fever. The condition of the bowels is worthy of note. In 34 cases there 
was definite evidence of bowel trouble of one kind or another, in 10 cases the 
bowels were noted as regular, and in 16 thei’e was no evidence pointing to bowel 
trouble. 

With regard to the chief symptoms complained of, in 37 cases they pointed 
to bladder trouble, usuallj'^ painful micturition ; 3 cases were brought up for 
diarrhoea and vomiting, 9 for abdominal pain, 5 with meningeal symptoms, 4 for 
debility, and in 2 there were no sj^mptoms. Four cases were discovered in 
children suffering from some other illness. Twenty-one began with symptoms 
pointing to bladder trouble and 9 with symptoms suggesting pj^elitis. In 
30 cases there was no evidence to suggest the mode of onset. There was evidence 
pointing to pyelitis in 30 cases ; in 12 the right kidney only was affected, 
in 3 the left only. The renal trouble began in or was confined to the right 
kidney in 17 cases, the left in 5 ; in one of the latter the right kidnej' was 
more markedly affected than the left. In 8 cases there was no evidence to 
show which kidney was first affected. Examination of the urine shows that pus 
was present in neai’l}' every instance, 56 out of 60. • Albumin was present 
in 45 and blood in 15. The urine was acid in 39 cases, alkaline in 7, neutral 
in 1, and in the remaining 13 cases no note was made of the reaction. Casts 
were noted as being present four times. 

Only 21 were dischai'ged as cured, that is to say with no symptoms and no 
pus in the urine. Nine died ; of these, 6 died of the urinary trouble and 3 of 
some other disease, of which the urinary infection was a complication. Six were 
discharged ‘ in statu quo ante ’ and 23 as ‘ improved ’ ; this usually meant that 
symptoms bad abated but that pus was still present in the urine. 


Gases. 

Case LIV. C. M., male, 4 months : admitted May 30, 1910. There was 
a history of diarrhoea and vomiting for nine days. On admission he was 
collapsed and cyanosed, with contracted pupils ; he appeared to be in a meningeal 
state and lumbar puncture was performed, with negative results ; the urine was 
then found to contain pus and Bacillus coli. He died on the twelfth da}’’ of his 
illness. Post-mortem ; the kidneys showed a mottled appearance, the capsule-s 

T 2 




Fio. 2. Caso LX. Sho-winR periodic riscB of tempcraturo associated with constipation. 
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stripped easily, the pelves and ureters -were not dilated but contained creamy 
pus, and the bladder -was not hypei-trophied. 

This is the only I’eally acute case of the series, and presumably there had 
not been time for the secondary changes in the bladder, ureters, and pelves to 
become established. Another point of interest is that there were patches of 
hyperaemia at the hepatic and splenic flexures of the colon. The brain and 
other organs were healthy. 

Case XXXVIII. K. B., female, 1 year and 2 months : admitted Sept. 9, 1909. 
This and the four following cases are instances of the mild form of the disease. 
There was a history of diarrhoea and vomiting for six weeks, and she was 
collapsed on admission, with normal temperature. She remained drowsy 
and vomited occasionally, . and the diarrhoea persisted for a while and then 
improved. On October 14 she became worse and the temperature rose; she 
became jaundiced, the stools were clay-coloured and the temperature remained 
irregular. The infective agent was Proteus vulgaris and a vaccine of this 
organism was given, with rapid improvement. The temperature became normal 
and remained so till November 17, when it again rose (Fig. 1) ; a second injection 
of vaccine was given and the temperature fell ; the child made a good recovery 
and left the hospital cured on December 31. This case illustrates the good 
effects of vaccines in some instances. 

Case LX, E. C., female, 6^ years: admitted Sept. 17, 1910. She gave 
a history of precipitancy of micturition since March, with feverishness and 
shivering attacks off and on. There were intermittent attacks of fever with 
pain and tenderness, first in the right loin and then in both, but always more 
marked in the right ; the right kidney could be felt in these attacks, which only 
lasted about three days at first, and were always associated with marked consti- 
pation ; later the fever became irregular and she was treated with vaccines 
(Fig. 2, p. 270). 

This patient is still under observation, but serves to show the relation 
between bowel trouble and the condition of the kidneys and urine. 

Case XLV. M. V., female, 7 years : admitted December 13, 1909. The 
history pointed to recurring ‘ bilious attacks ’, and recently frequent and painful 
micturition ; she was also said to have had appendicitis. She was subjected to 
cystoscopic examination on three occasions, and treated with injections of iodo- 
form emulsion. Very little improvement followed, so on January'- 27 the 
appendix was removed. The child was later sent to a convalescent home and 
returned cured. This case suggested cyclic vomiting, and was also interesting 
as being cured by appendicectomy, the appendix containing a scar as evidence of 
recent inflammation. 

Case XXIII. A. P., female, 8 years and 1 month : admitted Feb. 3, 1908. 
She had frequency of micturition with pain for four years, getting worse recently ; 
she had also wasted considerably. The urine contained pus and Bacillus coli ; the 
frequency of mictui’ition and pain were very severe. The bladder was examined 
with the cystoscope and nothing very definite seen ; the bladder only holding an 
ounce of fluid. She was treated with bladder irrigation and injections of iodo- 
form emulsion, with considerable improvement, but the frequency and pain 
continued. On March 24 another cystoscopic examination was made and the 
bladder found to be much more tolerant, but there was a considerable amount of 
mucus obscuring the field. The frequency continued and she complained of 
pain in the right iliac fossa. The child was wasting and greatly distressed with 
the urinary trouble, so on July 7 the appendix was removed ; it was found to 
be very long and its tip adherent to the lower pole of the right kidney ; the 
caecum was noted also to have a long mesentery. The child improved from this 
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date and eventually made a complete recovery. This is another case of cure 
following removal of the appendix. She was seen again on November 3, 1910, 
and the urine was found to be sterile. 

Case IX. B. A., female, 11 years: admitted Dee. 29, 1906. There was 
a history of pain in the hypogastrium fortnightly for ten years. This time 
there had been pain for three weeks, with foul urine, frequency, and pain on 
micturition. Cj^stoscopic examination showed hyperaemia of the trigone, with 
blood oozing from the right ureter. On January 21 the right kidney was 
explored and incised ; nothing abnormal was detected and the wound was 
drained. She made a fair recovery, but still had pus in the urine on discharge 
from hospital on February 14. She was readmitted on October 9, giving the 
same history as before, suggesting cyclic vomiting. There were no signs of 
organic disease except that the urine still contained pus and Bacillus coli. 
She was treated with urotropin and discharged at the end of October ‘ improved ’. 

This case illustrates the chronicity of a great many of them, and shows that 
the actual damage to the kidney may be very small as judged by the naked eye. 
It is also suggestive of the association of cases of cyclic vomiting with this 
condition as pointed out by Thursfield (14). 

Case XLIX. C. L., female, 6 months : admitted March 25, 1910. This and 
the succeeding cases are instances of the more severe form of the disease. For 
a week she had had meningeal symptoms. On admission the case was taken lor 
one of meningitis ; this was partly on account of the fact that the child had 
congenital amaurosis, which was only discovered later. Lumbai- puncture was 
performed, but the cerebro-spinal fluid was found to be normal ; the urine w^as 
then examined and found to contain pus and Bacillus enteritidis of Gaertner. The 
right kidney became enlarged and tender, followed by the left ; the right subsided 
somewhat, but the left increased ; the child appeared to be dying, but the left 
kidney was explored and opened, a large quantity of purulent fluid escaping. 
She made a good recovery and left the hospital with a fistula in the left loin, 
which closed up finally on October 16, but the urine still contains pus. 

This case illustrates the meningeal appearance of some of these babies, which 
was in this instance enhanced by the amaurosis. It also illustrates the chronicity 
of the disease. 

Case XXVII. E. T., female, 8 years ; admitted April 23, 1908. She was 
feverish, with pain in the left side of the abdomen and wasting, worse the last 
few daj's, bowels loose. The child was very ill, with temperature rising to 105° ; 
the pain and tenderness on the left side subsided and she improved, but had 
a relapse with symptoms of a similar kind on the right side. An operation was 
performed and the right kidney removed ; it was lai’ge, with numerous pale 
areas beneath the capsule. Section showed numerous inflammatory foci with 
necrotic centres, also a few haemorrhages. She made a slow recovery and 
left the hospital on July 5, but the urine still contained pus cells. 

This points to an affection of both kidneys, the one removed showing very 
extensive damage, yet the child made a comparatively good recovery. 

Case y. H. K., male, 4 months : admitted July 20, 1905. Had had 
diarrhoea twelve days, vomiting ten days, pain in abdomen nine days, and had 
been fe^'erish and short of breath four days. He was in a meningeal state on 
admission, with iiTCgular fever. A mass resembling a large kidney was felt in 
the right loin, but no other signs. The following day the meningeal symptoms 
had subsided; the mine was scanty, acid, and contained many pus cells. On 
July 28 he collapsed and was restored with difficulty. A pathological report on 
the urine by Dr. Forbes showed the presence of pus and Bacillus coli in pure 
growth. He was treated with potassium citrate and sodium bicarbonate until 
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the urine became alkaline. The child remained drowsy, with iri'egular fever ; 
meningeal symptoms appeared from time to time and he occasionally. . had 
diari’hoea. On August 25 he was circumcised and collapsed under the anaes- 
thetic ; he was revived, and lived till Sept. 4, when he died. Post-niortem : 
the cii’cumcision wound was sloughy, the liver was pale and fatty and the 
spleen congested and friable. The kidneys were large,, equal, lobulated, and 
pale ; on section the definition of the tissue was blurred. The pelves were not 
dilated or thickened. The ureters were not distended. The bladder was normal. 
Other organs were normal. A microscopic section of the kidneys showed cloudy 
swelling of the cells of the cortical tubules, and many of these tubules contained 
debris and hyaline casts ; there were also a few small haemorrhages and cell 
infiltration of the interstitial tissues, as well as congestion of the cortex and the 
glomeruli, with some cell exudation between the glomerular tufts and Bowman’s 
capsule. 

In this case circumcision seems to have accelerated the end, and is suggestive 
that cases reported to have occurred after circumcision may in reality have been 
cases of the mild type in which the symptoms were aggravated by the opera- 
tion (9). The post-mortem findings in this case were characteristic of acute 
sepsis rather than of coli infection, and were perhaps connected with the sloughy 
state of the wound. 

Case LVI. R. F., female, 1 year and 1 month : admitted July 5, 1910. • There 
was a history of wasting for three weeks. On admission she had signs of pneumonia 
at the right apex ; this subsided and pus was discovered in the urine ; she was 
treated with alkalis, antiseptics, and irrigation of the bladder, without avail, and 
after a prolonged illness she died on Sept. 28. Post-mwrtevfi : the kidneys showed 
the characteristic mottling on the surface with numerous pale infarcts ; on 
section the pelves and ureters were dilated and contained purulent fiuid ; the 
bladder was only slightly hypertrophied. There was recent pneumonia at the 
right apex and the other organs were healthy (Plate 27, Fig. 7). 

Case L. L. L., male, 5 months : admitted April 11, 1910. Very constipated 
for a month, with some vomiting and much wasting. He was circumcised four 
days before admission and died the day after admission. Post-mortem : the 
kidneys, ureters, and bladder resembled those in Cases 47 and 50; namely, multiple 
necrotic infarcts in both kidneys, which were enlarged, dilated pelves and ureters, 
and some hypertrophy of the bladder wall. This shows the danger of cii’cumcision 
in these cases ; the condition obviously had existed long before the operation. 

Case XLVll. F. P., female, 6 years : admitted Dec. 30, 1909. There was 
a history of straining at micturition for six weeks, with pain in the bladder. 
She was a wasted child and had frequency of micturition. She was treated in 
various ways, alkalis, antiseptics, &c., but with no improvement. She became 
uraemic, with amaurosis and eventually coma, and died on March 12. Post- 
mortem: both kidneys were large, the right more than the left, the capsules 
stripped easily and the surfaces were irregularly mottled ; on section these 
pale mottlings were seen to be the bases of small necrotic infarcts. The pelves 
were dilated and contained pui-ulent fluid. The ureters were both markedly 
dilated and tortuous, with several kinks, but there was no evidence of obstruction. 
The bladder was greatly hypertrophied and its mucous membrane deeply 
congested. This case is characteristic of the chronic fatal ones. 

Case LI. J. C., female, 10 years and 3 months : admitted April 18, 1910. She 
gave a history of headache, vomiting, and pain in the stomach for a year ; worse 
the previous three days. On admission she was thin, pale, and slightl}' jaundiced, 
nothing abnormal was found in the urine ; next day she had pain and tendemess 
in the left side of the abdomen and the urine contained a little albumin. On 
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April 21 there Tvere a fe-w casts and pus cells in the. urine, and from this time 
onwards the urine was never free from pus. On April 26 the jaundice had gone 
and there was pain and tenderness in the right loin. On April 29 she developed 
frequency of micturition, and on May 10 tenderness and pain in the left loin. On 
May 12 she was drowsy, and was thought to he uraemic, as No. 47 had been. She 
was given vaccines and gradually improved, and left hospital on July 18 for a 
convalescent home, apparently quite well except for a little pus in the urine. On 
August 8 she returned and reported herself at the hospital ; she appeared to 
he in . perfect health, but there was stiU a little pus in the urine ; she had 
vomited that morning, but looked so well that this was attributed to a slight 
attack of indigestion. On her way home from hospital she became hemiplegic on 
the left side, had several fits, and died next morning. Post-miortem , : there was 
a large haemoiThage in the right occipital lobe of the cerebrum, with a smaller 
one on the left side ; a small haemorrhage was also seen in the pons. Both 
lungs showed numerous haemorrhagic infarcts. The small intestine showed 
numerous small submucous haemon-hages throughout its whole length. The 
right kidney was atrophic and adherent to the perirenal tissues, the capsule was 
firmly adherent at both poles, but free in the middle ; on section the upper and 
lower poles were fibrous and shrunken and the central part comparatively 
healthy, except for small infai'cted areas similar to those in Cases 47 and 50. The 
left kidney was hypertrophied, had several old infarcts, and on section showed 
a good deal of interstitial infiltration. Both ureters were small and straight and 
the bladder was very slightly hj’pertrophied. The heart and other organs were 
healthj’^ (Plate 26, and 27, Fig. 6). 

This case shows the danger these patients run as long as they have pus in 
the urine. It is not quite easy to interpret the changes found post mortem, but 
presumably multiple emboli had lodged in the lungs, brain, and intestine ; no 
thrombus could be found in the renal veins, however. The normal appearance 
of the ureters and bladder was probably associated with the slight symptoms 
noticeable with regard to frequency of micturition, which only lasted a day 
or two. 


Diagnosis and Clinical Features. 

The diagnosis, of course, rests with the bacteriological examination of the 
urine, but even here there may be fallacies ; an organism may be grown from 
a catheter specimen where there has been no suspicion of any urinary trouble. 
I examined catheter specimens from forty cases, taken haphazard in the wards, 
with a view to finding cases with bacilluria, but without symptoms ; five of 
these grew Bacillus coH on the first examination, but a second proved sterile ; 
in none of these cases was pus present in the urine. The explanation is that 
it is extremely difficult to he sure of an aseptic specimen in a child, especially 
a female, so that unless there are symptoms pointing to urinary trouble and pus 
is present a second examination should always be made. There are other well- 
known fallacies, such as pus or blood from the vagina iu a standing specimen 
being mistaken for pus or blood from the urinary tract. A common history 
is that the child’s urine is ofiensive ; there are other causes for offensive urine, 
however ; the urine of some children } 2 nds to become very offensive on standing, 
although quite sweet when passed. The urine may become turbid with bacteria in 
an hour or two, although there is no infection of the bladder. Fallacies of 
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another kind are : met with, as when the bacilli are mistaken for acid fast 
organisms, as pointed out by Dudgeon (5). 

The character of the urine is well, known in these cases ; it is pale, unusually 
opalescent, and contains a deposit of mucus and pus in variable quantity; 
one day the urine may be almost clear and the next there ma 5 >- be a dense 
deposit of muco-pus an inch deep in the urine glass ; this may vary in each 
specimen passed during twenty-four hours and is frequently very dense after 
one of the characteristic bouts of fever and pain; this suggests that there is 
temporary retention in some part of the tract, which is quite in accoi'dance with 
the extremely tortuous ureters seen in many of the cases post mortem. Obvious 
blood is not common, but there are usually red corpuscules to be seen under the 
microscope, and sometimes patients ai’e brought to hospital because of blood in 
the water. A trace of albumin is nearly always present, but a dense cloud 
is rare ; this again is in accordance with the post-mortem findings, as . a diffuse 
parenchymatous nephritis is not as a rule found. The reaction is nearly always 
acid ; the alkaline instances may be due to a mixed infection either within or 
outside the body. Casts are not often found, but are probably often overlooked. 

With regard to the clinical features of these cases, there is gi'eat variation, 
and unless there are symptoms pointing to urinary trouble their nature is very 
likely to be overlooked altogether. Classification should be based upon the mode 
of infection, but as it is usually impossible to say how any given case was infected 
this is impracticable. They have been divided into acute and chronic cases, but 
as most of them have an acute onset and become chronic, this is obviously un- 
satisfactory. There was only one really acute case in the present series, namely 
Case 54, which ran its course in twelve days. 

I have found it most convenient to classify in three groups : — I, in the first 
year of life ; II, mild cases ; III, severe cases. In the fii-st group, which may be 
mild or severe, the clinical features are completely different from those seen in 
older children ; babies cannot say where their pain is, and the crying is often 
mistaken for mere naughtiness ; again, who can say if a baby has frequency of 
micturition ? There were 7 cases of this series occurring in the first year of life ; 
1 was apparently produced by catheter, 3 were brought up for diarrhoea and 
vomiting and 3 with meningeal symptoms. Tkree of these cases ran a mild course, 

3 were fatal, and 1 patient was operated on for pyonephrosis. This looks as if it 
were a more serious condition in the first year of life, but it must be remembered 
that it is so likely to be overlooked at this age that only the severe cases are 
noticed. Another peculiarity of those in the first year of life is that the pre- 
ponderance of the female sex is much less marked. Out of the 7, 3 were males and 

4 females, and out of the 7 males of the whole series 3 were under one year of age. 
In John Thomson’s (13) series of 25 cases in the first two yeaix of life there 
were 4 males, all in the fiirt year ; the female preponderance was shown even 
here, however ; namely, 21 females to 4 males ; this, however, is not nearly so 
marked as the proportion in older children. The explanation is not obvious, 
but there is less difierence between the sexes at this age. In the second, or mild. 
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group, of which there were 49 in the series, there is generally a history of trouble 
with mictui-ition of one kind or another, often of long dm-ation ; the children 
are generally wasted, pale, or with an ' earthy ’ tint of the sldn ; if there is 
incontinence, they frequently have a distinctive odour, easily recognized if once 
experienced. The urine in these cases does not always have an offensive odour, 
hut when present it has a peculiar’ fishy chai-acter, as described by Pardoe (10). 
These patients ai’e liable to periodic attacks of fever, accompanied by pain and 
tenderness ; these usually subside in one or two days, but if they be severe or 
prolonged there is pain, tenderness, and enlargement of the second kidney as well. 
These attacks are often associated with constipation, and if this is relieved the 
attack usually ends, only to recur later. The ui-ine frequently contains excess of 
pus after one of these attacks, as mentioned above. They run a chronic course as 
a rule, hut may clear up very rapidly on apparently very simple treatment, 
or none at all ; they usually resist aU forms of treatment, however. In the 
thii’d, or severe, group, of which there were 9 in the present series, the onset 
is variable; it may he with micturition trouble, or with pain in one or both loins; 
in babies either with diarrhoea or meningismus ; the disease may run a short 
course, ending fatallj-, as in Case 54, or more usuall3' a chronic course ; the child 
wastes to an extreme degree and dies of uraemia. Case 51 was of an unusual 
character, and death from cerebral haemorrhage must be an extremely rare event. 

Etiology. 

The causation of this condition has been a much debated problem, and so 
far no satisfactory conclusions have been arrived at. Three possible channels of 
infection are usually described, namely : — (1) by the urethra to the bladder, and 
thence to the kidneys, via the ureters, (2) by the blood stream, (3) by the 
lymphatics from the bowel. I think it probable that there are instances of all 
three modes of infection, but there is very little evidence that the disease begins 
as a septicaemia and secondarily involves the kidneys. The two commonest 
modes must be either hj" an ascending infection from the urethra, or by a direct 
infection from the large intestine by way of the lymphatics. The great argu- 
ment in favour of an ascending infection is the large preponderance of the 
female sex, the short, wide female urethra being more likely to be infected than 
the male urethra. It is often pointed out that female babies get the vulva 
infected from soiled napkins, but every baby has an infected vulva from this 
cause, and in the first j^ear of life the female preponderance is less marked than 
in later life. 

Another point in favour of an ascending infection is the large number of cases 
which apparently began as a bladder infection as compared with those that began 
apparently as a renal infection ; I say apparently, but there are cases with no 
local sj’mptoms, and it is possible that the part to which symptoms are first 
referred is not the part in which the disease commenced. In the present series 
there were 21 apparentlj' beginning in the bladder to 9 apparently beginning in 
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the kidneys. I think there is no doubt that ascending infection does take 
place in some cases. Bond (2) has shown that particles of pigment may ascend 
mucous tracts in an opposite dii-ection to the stream of contents. 

Bacillus coli is present in the urethral orifices of both sexes. Melchior (8) 
found that Bacillus coli was present in the urinary meatus of 50 per cent, of 
males ; this, however, would lead one to expect the disease far more commonly 
in males. Barnard (1) suggests that any abnormality in the periodic flushing 
of the urinary passages favours an infection, and I have collected 27 cases 
of enuresis, dating from birth, in older children, of whom 19 were girls and 
8 boys, showing that this is more than twice as common in girls as in boys. 
In my series of cases, however, there were only 4 in which enuresis had dated 
from birth. 

It may be that, after all, the sexual incidence has nothing to do with the 
mode of infection, for, as Garrod pointed out at the discussion on this subject 
at the meeting of the British Medical Association in July, 1910, there are certain 
diseases confined almost entirely to one sex, such as pyloric hypertrophy in male 
infants and sulphonal poisoning in women, in which the incidence at present is 
entirely without explanation. I think that the evidence goes to show that the 
condition staits as an ascending infection in a certain number of cases, but that 
this number is usually overestimated^ 

I will now bring evidence to show that the third method of infection is 
a very important and, perhaps, the commonest one of the three. The association 
of bowel trouble is a very common one ; out of the 60 cases there was evidence 
of bowel trouble in 34 ; they were noted as regular in only 10, and it is reasonable 
to suppose that constipation may have been present in a certain number of the 
remainder, seeing how commonly this is overlooked by parents, and not noted 
in hospital records. In John Thomson’s 8 cases (12), published in 1902, 7 were 
markedly constipated ; and out of his 25 cases published in 1910, 12 suffered 
from habitual constipation (13). Kerley (7) also draws attention to intestinal 
troubles associated with this condition. This bowel trouble is used as an 
argument in favour of each of the thi-ee possible paths of infection, but here 
another factor comes in, namely, that the right kidney is affected far more often 
than the left. 

In my cases in which one kidney only was affected, it was 12 times on the 
right side and only 3 times on the left. Further, the kidney trouble was confined 
to, or began in, the right in 17 cases, and in the left in 5, and in one of the latter 
the right kidney bore the brunt of the attack (Case 51). Barnard (1) recoi’ds 
6 cases in adults, all on the right side ; Rolleston (11) notes that it is commoner 
on the right than the left side, as does Box (3) ; and here let me observe that 
there may be another reason for the affection of the right kidney in pregnancy 
than the pressure of the uterus on the right- ureter (6). It seems to me there 
must be some close association between bowel trouble and the affection of the 
right kidney. 

Now, if the disease starts as a septicaemia, why does it not affect both 
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kidneys equally, and other organs as well 1 and if it be an ascending infection, 
why does it chiefly afiect the right side ? There, is a close anatomical association 
between the right kidney and the ascending colon, caecum, and appendix. In 
chronic obstruction of the rectum stercoral ulceration is found at the opposite 
end of the large bowel, namely, in the caecum and ascending colon, and it is 
reasonable to suppose that this part is also damaged to some extent in constipation. 
In this connexion it is interesting to consider the two cases cured by removal of 
the appendix, for which I am indebted to Mr. Waugh, who had another similar 
case, the notes of which I am unable to obtain. Moreover, in Case 44, in 
which the child died of general Ij^mphatic tuberculosis, there were tuberculous 
ulcers in the caecum. In most of the fatal cases there was nothing very definite 
observed in the intestines, but they had all run a chronic course, and perhaps the 
original lesion had healed ; in Case 54, however, where the child died in the 
acute stage at the end of 12 days, there were hyperaemic patches in the hepatic 
and splenic flexures, and in this case both kidneys were equally affected and the 
bladder was normal. 

It seems difficult to explain the female preponderance on this hypothesis, 
unless we are to suppose female children more frequently constipated than 
male, as is the case in adults. In babies, moreover, where there is less distinction 
between the sexes, the female preponderance is less marked. I suggest, therefore, 
that a large number of the cases are due to direct transference of organisms 
from the large intestine to the right kidney. 


Pathology. 

I will describe the pathological changes found in Case 54, as an instance of 
an acute fatal case, and then the changes found in the mild cases, and finally 
those in the severe chronic cases. 

Case LTV. The body of a well-nourished baby ; this is in contrast to the 
marked emaciation usually found in the chronic fatal cases. The kidneys were 
not enlarged, the capsules stripped easily, and the surfaces showed a few pale, 
areas, similar to those found in the chronic cases. On section the pelves were 
not dilated, but contained thick, white, purulent fluid. The substance of the 
kidneys showed pale tracts mnning through it, similar to those on the surface, 
with swelling and irregularity of the tubules. The ureters were not dilated or 
tortuous ; on opening them, both were found to contain pus, similar to that 
in the pelves ; the mucous membrane was swollen and congested in the upper 
parts, but normal in the lower. The bladder wall was not thickened, the mncous 
membrane showed no swelling or congestion, and the orifices of the mreters 
appeared normal. In this case the hepatic and splenic flexures of the colon 
were congested, the liver was pale but firm, and the other organs healthy. 
Examination of the pus from the ureters showed Bacillus coli communis. 

This is the earliest case on which a post-mortem examination was made. 
It appears that lesions of the large intestine had allowed transference of the 
organisms to the kidneys, giving rise to the pale necrotic areas and the con-, 
gestion of the upper part of the urinary tract, but in spite of the passage of pus 
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over the lower parts of the ureters and bladder they had remained healthy up to 
the time of death. 

The only evidence which I have of the conditions prevailing in the mild cases 
comes from cystoscopic examinations, and two post-mortems on cases in which 
death was due to other causes. Cases 42 and 44 both died of other diseases, one 
from amyloid disease, following a chronic sinus, the other from general lymphatic 
tuberculosis. 

The first showed no changes in the kidneys other than those of marked 
amyloid disease, and the ureters and bladder were normal. There had been 
no symptoms during life that could be attributed to Bacillus coli infection. The 
second case showed tuberculous ulcers in the caecum, but no obvious abnormality 
of kidneys, ureters, or bladder. In this ease also there had been no urinary 
symptoms during life. The inference is that it is only in the severe cases 
that marked changes in the kidneys occur, and that changes in the bladder 
do not occur unless there is also pain and frequency of micturition. 

Eleven of the mild cases were examined with the cystoscope. In Case 10 the 
patient had slight frequency, but no pain with micturition ; the bladder appeared 
normal. In Case 12 the patient had haematuria, but no frequency of or pain on 
micturition. Cystoscopic examination showed a normal bladder with blood oozing 
from the right ureter. In Case 13 the patient had no symptoms referable to the 
bladder and cystoscopic examination revealed nothing abnormal. In Case 14 the 
same conditions prevailed. In Case 24 the patient had no symptoms. Cysto- 
scopic examination showed slight redness of the lips of the right ureter and of the 
base of the bladder. In Case 25 the patient had frequency and slight pain on 
micturition. Cystoscopic examination showed redness of both ureters and much 
mucus on the bladder wall. In Case 28 the patient had pain before and after 
micturition ; there was a plug of mucus in both ureters and the bladder was 
congested. In Case 31 the patient had painful micturition. Nothing abnormal 
was detected by cystoscopic examination. In Case 48 the patient had pain and 
frequency. Cystoscopic examination showed that both ureters were congested, 
but the bladder normal. In Case 53 the patient had painful micturition, 
but nothing abnormal was detected by cystoscopic examination. In Case 55 
the patient had frequency, incontinence, and blood in the urine. Cystoscopic 
examination showed an ulcer at the apex of the bladder. These results indicate 
that pain and frequency may be present with very slight bladder change. 
Redness of one or both ureteral orifices seems to be the commonest pathological 
change found, in these cases, by means of the cystoscope. 

In the severe chronic cases there were a number of characteristic changes 
found post mortem ; the liver usually showed slight fatty change; the other organs, 
except the urinary, were healthy. The kidnej’S were usually sliglitly enlarged 
and showed a mottled appearance on the surface, the dai'k areas being congested 
and the light areas the bases of small degenerating infarcts, the centres being 
necrotic and the periphery infiltrated with polymorphonuclear leucoc^'tes, destroy- 
ing the neighbouring tubules. The capsules stripped easil}^, and on .section the 
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kidney substance presented a number of radiating pale streaks, the bases of 
those that reached the surface forming the pale areas mentioned above. The 
pelves were usually dilated and contained purulent fluid, the lining membrane 
being congested. The bladder, in some cases, showed great thickening with 
small cavity and congested mucous membrane (Cases 47 and 50). In Case 27 
the kidney removed by operation showed a more acute stage, in which the pale 
areas were going on to abscess formation. In Case 51 there were depressed 
areas in the kidneys, like old infarcts with adherent capsule, suggesting healing 
of some of these areas ; there were also a few recent ones, indicating that the 
process was still active. This case showed many exceptional features, and 
I have described it more fully elsewhere. 


Prognosis. 

This condition is sometimes looked upon as one of the more trivial of 
children’s complaints, but the above table shows that it is one of the most 
stubborn diseases to cure, and has a considerable mortality, especially of late. 
In this series there were six deaths due to the infection, and four of these were in 
babies, a mortality of 10 per cent. Even cases that escape with life may drag on 
for many months, and cannot be said to be free from danger till pus has been 
absent from the urine for at least several days. Nobody could have appeared in 
more robust health than the patient in Case 51 on the morning she reported 
herself at the hospital, but she was dead within twenty hours. Of the remainder, 
only twenty-one were discharged cured. The symptoms usually respond readily 
to any fonn of treatment, but it seems almost impossible to rid them of pus in 
the urine, and so long as this is present, they are liable to relapse or even 
sudden death. 


Treatment. 

It is difficult to draw conclusions from the treatment of the above cases, as 
most of them had more than one form of treatment. One case recovered 
spontaneously, and Batty Shaw (4) reports another. Altogether 14 cases were 
untreated, except by rest in bed and nursing; of these, 1 was cured, 5 went 
out unchanged, 2 were ‘ improved ’, and 6 died, 3 of the latter from some other 
complaint. Forty-six cases were treated with drugs, or local applications to the 
bladder, and 20 of them were cured, 4 with washing out the bladder, 1 with 
alkalis by the mouth, 5 with antiseptics by the mouth, and 1 with vaccines. 
The remainder had various combinations of the above methods. 

The usual treatment was upon three lines: 1. Alkalis. 2. Urinary anti- 
septics. 3. Local treatment to the bladder. These were usually combined, and 
I cannot say that any of them seemed of very much value. The alkalis have 
been very widely used, with the idea that Bacillus coli does not thrive in 
an alkaline medium ; this is not strictly true ; it gi-ows quite well in an alkaline 
medium, but also grows well in an acid medium, while the usual pyogenetic 
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organisms will not. The reason why the urine of these cases is acid is because 
Bacillus coli does not split up urea, I have not found the alkalis of any great 
value, neither have I found the urinary antiseptics of much use. Local treat- 
ment by washing out the bladder and injecting iodoform emulsion seems to 
have a beneficial result ; possibly the iodoform finds its way to the pelves of the 
kidneys in the way that pigment pai-ticles do, as shown by Bond (2). In 
the severe cases vaccines appear to improve the general condition of the patient, 
but seldom remove the pus from the urine. 

I think it most important to treat the bowel condition by washing out the 
large intestine and keeping it acting by means of aperients, but being careful 
not to produce further irritation of the large intestine, as is very likely with 
aperients. Judging by the three cases cured by appendicectomy, it seems 
well worth while resorting to this measure in stubborn cases. 

In conclusion, there are one or two points to which I should like to refer. 
Thursfield has suggested a relation between this condition and cyclic vomiting ; 
two of the present series presented symptoms similar to cyclic vomiting, and 
in cases of the latter the urine should always be examined for pus (14). The 
disease occasionally presents a similarity to appendicitis, especially in the acute 
exacerbations with pain in the right side, constipation, and fever, and in such 
cases a search for pus in the urine should be made, but even if it is found, the 
complaint maj' still be appendicitis, or both, and it is very likely that removal of 
the appendix will cure one or both diseases. 

I wish, lastly, to express my indebtedness to Dr. Garrod, Dr. Voelcker, 
Dr. Colman, Dr. Batten, Dr. Thursfield, Mr. Arbuthnot Lane, Mr. Kelloch, 
Mr. Stansfield Collier, Mr. Corner, Mr. Waugh and Mr. Fairbank, of the Hospital 
for Sick Childi-en, Great Ormond Street, for permission to make use of cases 
under their care, and to Mr. G. B. Wainwright for the photographs. 


Conclusions. 

The disease is usually due to transference of organisms dii'ectly from the 
large intestine to the right kidney owing to some damage to the former as by 
constipation. Ascending infection takes place in a minority of cases and primary 
blood infection is rare. 

Treatment is difficult, but it is most important to attack the bowel condition, 
combining this with vaccines and local applications in certain cases. If there 
is evidence of past or recent appendicitis the appendix should be removed. 

The disease must not be looked upon as a trivial complaint ; it usually runs 
a chronic coui'se, and not uncommonly ends fatally. 
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. DESCRIPTION OF FIGURES. 

Plate 26, Fio. 3. Case BI. Piece of jejunum, showing numerous submucous haemor- 
rhages. 

Fig. 4. Case BI. Bongitudinal section of cerebellum, medulla, and pons, showing 
haemorrhage in the latter. 

Fig. 5. Case BI. Horizontal section through cerebral hemispheres, showing a large 
haemorrhage in the right occipital lobe and a smaller one in the left. 

Plate 27, Fig. 6. Case BI. Kidneys, ureters, and bladder, showing atrophic right kidney 
laid open, hypertrophied left kidney, normal ureters and bladder. 

Fig. 7. Case BVI. Showing mottled surface of right kidney, from which the capsule has 
been stripped. The left kidney has been divided longitudinally and shows the pale infarcts 
and the dilated pelvis. The ureters are dilated and the bladder pi-aclically normal. 








THE THIED SOUND AND B WAVE IN SLOW HEAET 
ACTION ; SOME POSSIBLE FALLACIES IN THE 
INTEEPEETATION OP EECOEDS 

By J. davenport WINDLE 

The occurrence of a third heart sound between the normal second and 
succeeding first sound has long been recognized as present in certain cases. 
Several observers have directed attention to its occasional occurrence in healthy 
people with slowly acting hearts. A true third sound is distinguished from 
a reduplication of the second sound in that it always occurs at a longer interval 
than the second element of a reduplicated second sound ; and it is generally 
heard only in the neighbourhood of the apex ; if heard elsewhere its greatest 
intensity is at, or near, the impulse. A. G. Gibson (1) and Hirschfelder (2) 
independently observed an additional wave in the jugular pulse tracings in 
some instances in which a true third heart sound was present in normal 
individuals. 

This wave is indifferently named the h wave of Gibson or Ti wave of 
Hirschfelder. This wave occupies a position in the early diastolic phase of the 
venous curve, occurring almost invariably within f sec. of the negative phase 
v-y in the normal curve. The time relation to the succeeding a wave varies 
with the rate of the pulse. Its cause is ascribed to the inrush of blood into the 
ventricle, floating up the cusps of the tricuspid valve and bringing about a 
transient apposition, which it is thought may be sudden and vigorous enough, 
when the venous pressure is high, to give rise to a sound. Whether this is the 
true explanation is not certainly known, nevertheless the intimate association 
of a third sound and the h wave has been so definitely established as to render 
it probable. On the other hand, however, the h wave frequently occurs inde- 
pendently of a thii’d sound, and in some instances in which the sound is 
heard a corresponding Avave is not invariably present in the venous tracing 
(Fig. 20). 

Thayer (3) states that a third sound can be heard in the neighbourhood 
of the impulse in about 30 per cent, of normal individuals, lying on the left 
side, vdth a frequency greatest in the first and second decades, amounting to 
58-9 per cent, and 844’ per cent, respectively. From my own obseiwations 
in this connexion, a third sound in healthy individuals is of rare occurrence. 

Repeated examination of ninety-three healthy boys, aged 10-18 years, inmates 
of a training institution, brought to light only one case in which a third sound 
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was present ; it was, however, so feeble and inconstant that it is doubtful if it 
would be detected in ordinary routine examination. The venous tracing in this 
case shows a weU-marked extra wave (Fig. 1). 

On the other hand, a decided h wave was present in the venous tracings 
obtained from six of these boys, in none of whom was there any suspicion 
of a third sound. Sinus irregularity was present in all these instances, and the 
pulse was slow, from 50 to 60 per minute. A notable feature was the presence 
of the b wave only during the long pulse pauses. Fig. 2 is an illustrative 
record from this group. 




Pig. 2. Jugular and radial tracing from a healthy hoj% aged 14, taken two minutes after 
exercise. Marked sinus irregularity is present, slowing coincides with expiration, the 6 wave 
shows only in the slowest pulse periods. 

In another series of observations on a hundred healthy young people with 
pulse rates from 50 to 70, six cases were met with in which a pronounced b wave 
was present in the venous tracing ; in one instance only was there a clearly 
marked third heart sound. The jugular and radial ti-acing from this case 
is reproduced in Fig. 3. 

The case from which this tracing was obtained was a healthy youth, six 
feet in height, and of veiy spare build ; he was in good health and had never 
had any illness of moment. There was no evidence of organic disease in any of 
the systems of the body. The pulse rate was 48 per minute ; slight sinus irregu- 
larity was present ; the wave was slow in onset and well sustained. The systolic 
blood pressure was 130-135 mm. The chest was long and narrow. The heart’s 
impulse was visible in the fifth space four inches from the middle line; it 
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corresponded in rhythm with the radial pulse. There was no precordial thrill. 
The first and second sounds were clear, well struck, and normally spaced. The 
second sound was followed by one of lower pitch and intensity, but of almost 
equal duration. It occurred at an interval approximately equal to that between 
the first and second sounds. The triple rhythm may be phonetically repre- 
sented by Lub-dup-tS. The third sound, although faint, was clear and had 
none of the characters of a murmur; it occurred later than the second beat of 
a reduplicated second sound would have been expected, and it was heard only 
in the neighbourhood of the impulse. The sound was audible both standing and 
lying, but it was best marked in the left lateral position during transient suspen- 
sion of breathing. So fai- as could be estimated by auscultation, the time of the 



Fig. 3. _ Record of jugular and radial pulse from a healthy youth, aged 18. The pulse rate 
is 48 per minute, slight sinus irregularity is present, the jugular curve shows a well-marked 
early diastolic wave (h). 



sound coincided with the extra wave in the venous tracing. Fig. 4 was obtained 
from the same case a year after Fig. 3. 

In this figure it will be found on measurement that the 6 wave occurs 
slightly later in diastole than in Fig. 3. If the rate of the heart were increased by 
any means the third sound could not be heard when a certain degree of quicken- 
ing was reached ; and this was coincident with the disappearance of the extra 
wave from the venous tracing. This is illustrated in Figs. 5, 6, and 7, from 
records taken at the same time as Fig. 4, after the inhalation of three minims of 
amyl nitrite. 

Immediately after commencing inhalation (Fig. 5) the pulse rate quickened 
to 60 per minute ; with this rate the 0 wave is still present. The last two beats 

u 2 
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in this tracing ai’e at the rate of 75 ; coincidently the 6 wave disappeai's, and 
continues absent with the increase of pulse rate up to 100 per minute (Fig. 6). 
A period of five seconds elapsed between Figs. 6 and 7; as the pulse slows, 
maa-ked irregularity occurs (Fig. 7) ; with the slower beats the wave is again in 



Fig. 5. Taken at the same time as Fig. 4, after three minims of amyl nitrite, with a pulse 
rate of 60. a, c, v, and b waves are present ; the b wave is absent in the last two heats, which are 
at the rate of 75 per minute. 



Fig. 6. Nitrite of amyl ; stage of throbbing, pulse rate 100, 6 wave absent. 



evidence (compare Fig. 2) ; with a rate of 60 and below it persisted and the 
tracing again has the feature shown in Fig. 4. 

The absence of the third sound and the disappearance of the b wave from 
the venous curve are explicable on cuiTent views as to the mechanism of diastohc 
closure of the auriculo-ventricular valves. It is claimed by Henderson (5), 
whose views are accepted by Hirschfelder (6), that this results from the elastic 
recoil of the heart walls, following upon rapid and complete distension of the 
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ventricle, the degree of which is dependent upon the venous pressure and the 
rate of the heart. If the rate of the heart is quick, filling of the ventricle is 
interrupted by the next systole, and as a result its distension is incomplete. 
When the heart’s action is slow, filling of the ventricle lasts longer, and reaches 
full distension ; at this moment closure of the auricnlo-ventricular valves occurs, 
thence blood accumulates in the veins, at first rapidly and later in diastole more 
slowly. The angle made by these two portions of the venous curve forms the 
b wave. Robinson (4) and Thayer coincidently found a wavelet (Rig. 8) on 
the cardiogram in cases in which the d wave and thu-d sound were present, 
which is ascribed to filling of the ventricle. It corresponds to the crest of 
the h wave in the venous tracing. 




Fig. 8. Apex and radial tracing from the same case as Fig. 4. The curve of ventricular 
filling is interrupted by the wave p, ascribed to recoil of the ventricle at the end of diastolic 
inflow. 



These considerations lead to the inference that an extra venous wave due to 
the factors mentioned may first appear coincidently with the slowing of a quickly 
acting heart below a certain rate. This not unfrequently happens during the 
slow pulse periods in sinus irregularity, and I have met with a number of 
instances in which the b vs^ave was first evident in the venous curves after full 
slowing of the heart under drugs of the digitalis group. Records of illustrative 
examples are reproduced in the foUowing figures. 

Fig. 9 is from a patient, aged 20, with compensated mitral regurgitation 
of rheumatic origin. He complained of breathlessness on exertion and precordial 
pain. Digitalis had been given for a few days before this record was taken. 
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The usual pulse rate was 80-85. On many occasions I have taken records 
from him and found only the normal a, c, v waves present. Under ten minims 
of tincture of digitalis thrice daily for a fortnight the pulse rate fell to 50 ; a 
pronounced b wave is present in the jugular tracing (Fig. 10). With the quieken- 
ing of the pulse after leaving off the digitalis the b wave was no longer evident. 
Another instance is illustrated in Figs. 11 and 12. 



Fig. 10. From the same case as Fig. 9, after digitalis. Pulse rate 50 ; there is 
a -well-marked h -wave in the jugular tracing. 
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These records were obtained from a man, aged 28 years, complaining of 
shoifness of breath. There was no enlargement of the heart, but a long, soft, 
mitral systolic murmur was present. Fig. 11 is the record taken when the case 
first came imder observation. The pulse was regular, 100 per minute ; the venous 
curve shows the usual a, c, v waves. Fifteen minims of tincture of digitalis were 
taken thrice daily for a week. The effect on the pulse is shown in Fig. 12 ; the 
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rate feU to 75 and a marked h "wave is present. A further degi’ee of slowing 
under -the continued use of digitalis in this case is shown in Fig. 18, in which 
it will be seen that the h wave occupies a position later in diastole, and a marked 
sinus in-egularity due to digitalis is present. The records shown in Figs. 13 and 
14 were obtained from a healthy youth aged 17, with a peifectly normal heart 
with a slight sinus irregularity (Fig. 13). Digitalis was given with the object of 
raising the blood pressure, which was abnormally low. The effect on the pulse 
was to slow the rate, and increase to a marked degree the iiTegularity (Fig. 14). 

It will be seen in the tracing before digitalis that there is no evidence 
of a 6 wave ; the slowest beats in this record, are at the rate of 72 per minute. 
After digitalis (Fig. 14) the h wave is well marked with the slowest radial 



Fig. 13. From a case of sinus irregularity in a healthy youth, aged 17 ; the rate of the 
slowest beats is 72 per min. Venous record shows o, c, and v waves. 




Fig. 14. From the same case as Fig. 13, after diritalis. The irregularity is more pro- 
nounced ; the slowest pulses are at the rate of 60-65. ^e corresponding venous cuive shows 
a marked h wave, which is absent in the quicker beats. 


beats, which are at the rate of 60-65. With the quicker beats the b wave 
is absent. 

Fig. 15 was obtained from a case of partial heart-block resulting from the 
administration of tincture of squill. An extra wave appears in the jugular 
tracing following the blocked auricular waves, which I suggest bears the same 
explanation as the h wave. In this case a loud, clear, third sound was audible 
at the impulse during the long pauses; whether associated with the a or 6^ 
wave could not be certainly determined. 

Fig. 16 is an instance of associated b wave and third sound first noticed 
on slowing of the heart in the course of Bright’s disease. The patient, a youth 
aged 14f years, came to me in June, 1910, for a certificate of health, to comply 
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with the regulations of a company whose service he was about to enter. The 
pulse was 80-85 ; the heart normal in sme and the mine free from albumin. 
A pulse tracing was not taken. October 26, 1910, he came complaining of 
‘ sickness, headache, and giddiness of about six weeks’ duration. Considerable 
dropsy of the face and body was present ; the urine, loaded with albumin, 
contained some blood ; recent haemorrhages were present in the fundi. The 
pulse was 50 per minute, regular, high tension, systolic blood pressure 165-170. 
The heart’s impulse was heaving and forcible, in the fifth space 5| inches from 
the middle line. No thrill or murmur was present. The aortic second sound 
was accentuated. At the impulse the first sound was dull and prolonged ; the 
second sound occurred at a longer interval than normal and was clear and well 
struck, it was followed by a spaced, short, high-pitched sound ; phonetically the 



Fig. 15. Shows a 2 : 1 heart-block doe to squill ; an extra wave h' follows the 
blocked auricular waves. 



Fig. 16. From a case of kidney heart in a youth aged 14J. Pulse rate 50 per min. ; venous 
tracing shows b, a, c, and v waves. A marked third heart sound was present. 


rhythm was Bdbn-diip-p’e. The triple rhythm was only heard about the impulse, 
with the patient lying on the left side ; it was then constant. In other positions of 
the body the third sound could not be heard at all. Under treatment the dropsy 
disappeared, the blood pressm-e fell to 130-135. The pulse rate rose to 75 per 
minute, and with the increase in rate the third sound was absent, and the venous 
tracing showed only the usual a, c, and v waves. 

Some possible fallacies in infderpi'dation. 

Clinical impoi-tance attaches to the presence of the h wave in normal pulse 
tracings, from the fact that some records present a close resemblance to those 
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resulting from pathological conditions, and at times the associated clinical 
circumstances may easily lead to error in interpretation. 

In cases of slight sinus aixhythmia in healthy young people, the irregularity 
is sometimes greatly increased shortly after exertion. A remarkable degree 
of aperiodic slowing may occur, corresponding to which, at times, an extra wave 
is evident in the venous curve. The presence of this wave, together with the 
long radial pulse pauses, may closely simulate extra-systoles (Fig. 2). 

In cases in which the b wave constantly recurs in an apparently mid- 
position between the preceding and following a waves, the tracing may bear 
a close likeness to one of heart-block. This is well shown in Fig. 4. In this 
case the abnormally slow pulse, together with the presence of an extra wave 
seemingly falling at a regular interval between the preceding and following 
a waves, might readily suggest a 2:1 heart-block — the third sound being attri- 
buted to independent auricular contractions. When the additional wave first 
appears on slowing of the heart under digitalis, the circumstances strongly 



Fig. 17. To illustrate the constant time relationship of the h wave to the preceding 
systolic period which is maintained with change of rhythm. 


suggest heart-block. The distinction is readily made on measuring the time 
relationships of the extra wave. It will be found that while the b wave bears 
a constant relationship to the 'preceding a or c waves, which is maintained, vath 
variations in the rate of the pulse, its position in relation to the succeeding 
systolic period is only constant so long as the pulse is regular; if the rate 
quickens or slows, the b wave approaches or recedes from the succeeding a or c 
waves (compare Figs. 5-7). 

These features are further illustrated in Fig. 17. The auricular extra-systole 
occurs at the time the b wave is due ; the extra-systolic beat is succeeded by the 
b wave at the regular- intei-val. Sinus irregularity is present, the position of the 
b wave in relation to the succeeding a or c waves increases and decreases with 
the rate of the pulse, whilst its time relation to the preceding systolic period 
keeps constant. In heart-block the extra wave («) falls at a constant time inter- 
val in relation to both the preceding and succeeding systolic period, which remains 
the same with variations in the rhythm of the pulse. 
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Apparent lengthening of the a-c interval. 

Quickening of the pulse takes place at the expense of 'the period in which 
the h wave occurs — the interval in the venous curve between the fall v-y and 
the succeeding a wave. 

When the pulse rate approaches 100, this period is too short for the a and b 
waves to be differentiated (Figs. 6 and 7). With a rate of about 70-80 the two 
waves often merge into each other, so that a single long wave results, which 
may be fallaciously interpreted as due to impainnent of conductivity. 

Thus, in Fig. 18, in which sinus mregularity is present, the h and a waves 
are clearly differentiated in the slowest beats, and the a-c interval is f of 




Fig. 19. _ Shows the same as Fig. 16. The irregularity occurred on swallowing. With 
the initial quickening of the pulse there is an apparent increase in the a-c interval which is 
brought about by the blending of the a and h waves. 


a second. The first four beats in the tracing are the quickest ; the apparent 
increased a-c inteiwal coiresponding to these heats is brought about by the 
coalescence of the a and h waves. 

It will be evident, too, that these waves are most clearly differentiated in the 
sixth beat, which is the slowest. On the succeeding quickening of the pulse 
with the next beat the waves again coalesce. The same relationships are 
evident in Fig, 19 from another case. 

The iri'egularity occurred on swallowing. The coalescence of the b and a 
waves causing an apparently increased o-c interval during the quick period 
is well shown. The value at times of this fact in diagnosis is iRustrated by the 
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following case recently under my cai-e. The patient, a female aged 54 years, 
presented marked arterial degeneration with high blood pressure and enlarged 
heart. A clearly struck and well-spaced third sound was present. 

The pulse was 60 per minute ; the venous tracing shows no extra wave 
(Fig. 20). The a-c interval in many of the beats is | sec. These circumstances 



There is no extra wave in the venous curve, in which the a-c interval in some of the beats is 
f sec. After the long pause succeeding the ventricular extra-systole the a-c interval is 
decreased. 




Fig. 21. From the same case as Fig. 20, after 180 minims tinct. digitalis. Pulse slowed 
to 50. A b wave now shows in the tracing. The a-c interval is 1 sec. 


suggested impairment of conductivity. After taking three drachms of the tinc- 
ture of digitalis the record shown in Fig. 21 was obtained. 

The pulse slowed to 50, and the venous tracing shows an apparent increase 
in the a-o interval to f sec., or thereabout. On careful scrutiny, however, it is 
evident that two waves occupy the interval v-y to c, and the a-c time interval 
is normal, the apparent increase in the previous record being due to the blending 
of these waves. 


Siimmaj'y. 

1. A third heart sound with an associated b wave was present in two 
out of 193 observations on normal individuals. The pulse rate was abnormally 
slow and sinus irregularity present in both cases. 

2. In 13 instances of the number of persons examined, a decided b wave 
was present in the venous tracing, in none of which was a third sound heard. 
Marked sinus irregularity was present in 9 of the records. The pulse rate 
in these cases varied from 50 to 60 per minute. 
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3. When the pulse rate ■was quickened in cases in which the h wave was 
persistently present under normal conditions it did not show in the tracing when 
the pulse rate exceeded 80 per minute. When associated with sinus arrhythmia 
it was absent from the venous curve when the arrhythmic beats approached 
this rate. 

4. The h wave may first appear in the venous tracing coincidently with 
regular slowing of the heai-t to a rate of from 50 to 70 per minute under digitalis. 
This may be brought about in the normal heart (Fig. 14). In no case observed 
was there a third sound present. 

In slowing resulting from partial heart-block due to squill an extra wave 
succeeding blocked auricular waves is shown to occur. Coincidently with the 
establishment of heart-block in this case, a clearly marked third sound was 
present. 

5. Venous curves showing the h wave may present a close resemblance at 
times to those resulting from extra-systoles or cases of heart-block. 

6. With a certain rate of pulse the h and a waves may fall together and 
give an appearance to the curve closely simulating an increased o-c interval. 
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PAEOXYSMAL TACHYCARDIA OF VERY BRIEF 

DURATION 


By E. E. LASLETT 

Since the introduction of the graphic method a more exact analysis of the 
nature of paroxysmal tachycardia may be made, and it is now proved that there 
are several types of this affection which differ from one another in the site of 
origin of the stimulus production. Cases of the auricular type have been 
published by Schmoll, Hirschfelder, Hay, Cowan McDonald and Binning, and 
Lewis. The case here recorded presents the peculiarity of frequent short 
attacks, and thus affords the valuable opportunity of studying the mode of 
onset and termination of the paroxysms. It appears to be similar in many 
respects to a case of Mackenzie’s, of which an exhaustive study has recently 
been published by Lewis. I am indebted to the papers of the last-named 
author for much help and guidance in the interpretation of the pulse curves 
obtained from my own case. 

The patient was a woman aged 72 years, who had been under my care since 
June last. Considering her age she enjoyed a fair measure of health and was able 
to do her own housework in comparative comfort. She was extremely deaf, and 
although she was intelligent there had been great difficulty in obtaining a history. 
The fact that she was subject to attacks of paroxysmal tachycardia was dis- 
covered accidentall}'^ during the investigation into the nature of the markedly 
irregular pulse which she always had. On inquiry it was found that for some 
months at least, perhaps for a year or two, she had been troubled with attacks of 
‘ fluttering ’ in the chest, which came on particularly when she was tired. She 
did not seem to have paid much attention to them, and her friends had not 
been able to give me much information, but so far as can be made out they 
consisted of a series of short paroxysms spread over one or two hours 
rather than of one continuous attack. Appax-ently she had long periods of 
freedom from paroxysms (they had been almost absent for three months), and 
when liable to them they might come on at any time of the day, but perhaps 
particularly when she was tired. Flatulence also seemed to be an exciting cause, 
and with relief of this the attacks often ceased. The tachycardia very rapidly 
disappeared when the patient lay down, and it practically never occurred when 
she was in bed at night. On this account and because she was a private patient 
seen at home there was great difficulty in obtaining simultaneous jugular and 
radial curves dui-ing a pai’oxysm. She appeared to be always conscious of even 
(<?. J. M., April, 1911.1 
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the shortest attacks of four beats only. As usual the paroxysms were accom- 
panied by peculiar symptoms referred to the chest, which the patient found it 
difficult to describe. They consisted of ‘ fluttering ’ at the heart, a sense of oppres- 
sion in the lower part of the chest which seemed to lise up into the neck, and 
after a short period some degree of dyspnoea and restlessness. If at all 
prolonged she had to sit down. The patient showed the usual senile changes. 
The pulse was of moderate tension, 60-70 per minute and in-egular. The nature 
of the irregularity will he considered later. The heart sounds were normal. No 
apex heat could he felt. As regards the remaining organs of the body there was 
nothing special to be noted. 

The nature of the paroxysm. I have observed hitherto only short attacks, 
the longest being not much more than half a minute in duration, and the longest 
attack of which a curve has been obtained consisted of only eleven beats 
(Fig. 1). From a study of the simultaneous jugular and radial curves there 
can be no doubt that it is a question of paroxysms of the auricular type, that 
is to say, that the site of the stimulus production lies somewhere in the auricle. 
Further than this it is not possible to proceed in the localization, in the absence 
of electro-cardiograms. Lewis’s work has shown that the evidence of electro- 
cardiograms taken in conjunction with that of the venous curve permits of 
a considerable advance towards a more exact localization of the stimulus forma- 
tion. Under favourable conditions, however, bearing in mind the evidence thus 
obtained, the venous pulse alone when carefully analysed may afibrd reliable 
proof of the exact origin of the paroxysm. Thus Lewis has published a case 
of paroxysmal tachycardia in which, from the evidence of the electrical varia- 
tions, the origin of the stimulus was located in the lower levels of the auricle in 
the neighbourhood of the node of Tawara. In this case, as clearly shown in the 
venous curve, the a-c inteiwal during the paroxysm was much shortened (0-06 sec.). 
In the present case it is sufficient to point out that the a-c interval during the 
paroxysms is the same length as in the slow period (namely about 0-16 sec.), and 
therefore the site of the stimulus is probably well away from the lower level of 
the auricle. 

Pulse cui'ves. The radial curve of a typical paroxysm is shown in Fig. 1. 
It consists of eleven beats commencing after what is possibly a nonnal pulse 
period, and ends in a pause. There appears to be a rise of pressmre during the 
paroxysm as shown by the slight rise of the pulse curve. Simultaneous jugular 
and radial curves are shown in Figs. 2 and 3. The venous curves are 
often defective. Although there was in this patient a fairly well-marked 
jugular pulse, owing to the wasting of the neck tissues and the varying rigidity 
of the stemomastoid muscle it was very difficult to get a good continuous 
venous cm-ve. The paroxysm may start after a pause as in Fig. 1, or it may 
staid/ immediately after a normal beat as in Fig. 3. The paroxysm terminates 
usually in a long pause, but occasionaUj', as in the first paroxysm in Fig. 3, 
by a series of auricular extra-systoles. It wifi, be seen that as represented in 
the radial curve they are weaker beats than those of the paroxysm, the pressure 
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tending to fall. Here they take the place of the usual pause and are followed 
immediately by an apparently normal beat. These auricular extra-systoles 
have been carefully studied by Lewis. In his case they frequently introduced 
a paroxysm and less frequently interrupted the terminal pause. Lewis lays 
stress on their different appearance in the radial curve as a means of differen- 
tiating them from the beats of the paroxysm proper, and in confirmation of this 
he finds that they give an electro-cardiogram which is different from that of the 
latter. 

The 'pulse between the paroxysms. The pulse is hardly ever regular 
between the paroxysms, but for the most part is of rhythmical, bigeminal, or 



Pig. 1. A pai'oxysm of eleven beats which begins and ends with a pause of the same 
length. There is a slight rise in the curve indicating a rise in pressure. The first nonnal 
pulse period is prolonged. Pulse rate during the paroxysm 142 per min. 



Pig. 2. A paroxysm of seven beats at the rate of 140 per min., terminating in a pause of 
about the same length as the compensatory' pause after the extra-syrstole which precedes the 
attack. 


trigeminal type ; that is to say, there is an auricular extra-systole after every 
single or every second normal beat. This is noteworthy for its persistence. 
For the past three months when the patient is standing or sitting the pulse 
has been almost constantly of the bigeminal type. Exertion and emotion in 
temporarily quickening the pulse disturbs this rhythm, but the bigeminus 
quickly returns. When, however, the patient lies down the rhythm becomes less 
regular, the bigeminal rhythm is not so persistent, and a trigeminal appears with 
a slight degree of sinus arrhythmia. When the paroxysms are more frequent 
the pulse in the intervals is for the most pai-t of the trigeminal type, with slight 
sinus arrhythmia when the former rhythm is interrupted. All the extra-systoles 
hitherto observed in this patient have been of auricular origin. The pause 
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is usually not fully compensatory. Isolated extra-systoles are followed by 
slight sloAving of the pulse perhaps quite as frequently as by acceleration. This 
fact and the persistence of the trigeminal rhythm make the deteimination of 
the true sinus rate somewhat uncertain. When, however, the bigeminus is 
persistent, the pulse periods are remarkably constant. Two or more successive 
extra-systoles are comparatively common quite apart from the paroxysmal 
attacks. When two successive extra-systoles occur the following pause is always 
shorter than after one (Fig. 4), and very occasionally there is no pause and 
the next following normal beat appears at about the same interval as separates 
the extra-systoles. Again, when more than two extra-systoles occur in succes- 
sion, there is no compensatory pause (Fig. 5). Whether the next following beat 
after these successive extra-systoles is really dire to a normal stimulus cannot 
he affirmed in the absence of electro-cardiograms. It is frequently, but not 
always, followed by a considerably lengthened pulse period. From its appear- 
ance in the radial curve, however, it seems probable that it is not of ectopic 
origin. It should be noted that where a second extra-systole occurs it lies 



Fig. 5. Shows four successive auricular extra-systoles. There is no compensatory pause, and 
the next normal beat occurs after about the same interval as sei^arates the extra-systoles. 


lower in the curve than the first. This may be partly accounted for by its 
occurring after a decidedly shorter interval. It not infrequently happens that 
such a ‘ weak ’ beat is interpolated between two apparently normal beats which 
are separated by an interval little longer than a normal pulse period. The 
nature of such ‘ interpolations ’ is doubtful, and therefore a curve including one 
has not been reproduced here. In Lewis’s case there were numerous auricular 
extra-systoles in the slow periods. These were found to give electro-cardiograms 
of three different types. A satisfactory explanation of the different types is not 
at present forthcoming. Several electro-cardiogi’aphic curves demonstrated the 
onset of a paroxysm in a series of extra-systoles of type II. 

The post-paroxysmal pause when uninterrupted is of the same length as 
the compensatory pause after the extra-systoles which precede and follow the 
paroxysm. This is what Lew^is also found, and he regards the two as of the 
same nature, that is to saj’’, the time taken by the last impulse to reach 
the sinus plus the time necessary for the formation of a fresh sinus impulse. 

The rate of the pulse in the paroxysm is very variable. It is never more than 
140 per minute, and often not more than 120. Attention is drawn to the second 

[Q.J.M., April, igii.] ^ 
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paroxj^sm in Fig. 3. Here tbe rate diminishes graduall}’^ so that it is not easy 
to say with certainty where the paroxysm ends. The fifth pulse period is 
equal to a rate of 82 per minute and this is followed by a long pause. A 
gradual ofiset in this way is not usual in this patient. On several occasions 
when paroxysms were frequent there was a series of three to five regular beats 
at a rate of 96-100 per minute, followed by a long pause. Such may be 
instances of sinus an'hythmia, but in the absence of electro-cardiograms it cannot 
be decided with certainty. The occurrence of such beats is of interest in 
connexion with the gi'adual offset of a paroxysm just considered. 

Lewis has come to the conclusion that there is no essential difference 
between extra-systolic and paroxysmal beats when of auricular origin. They 
may perhaps differ in the exact site of the impulse formation. The present 
case, therefore, like the one he studied, forms a connecting link between cases 
in which there are single ectopic beats and others in which ectopic rhythms of 
long duration occur. Paroxysmal tachycardia which is due to ectopic impulse 
formation may arise at various levels of the heart. From a recent paper by 
Mams it appears that paroxysms of tachycardia may be generated from at 
least two different foci in the auricular tissue in one and the same subject. 
For at one time the patient considered had paroxysms of tachycardia which 
were probably of atrlo-ventrieular origin (Lewis), while at another time they 
were of distinctly auricular origin. 
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MODERN ENGLISH CARDIO-VASCULAR TEACHING: 

A REJOINDER 


By THOMAS LEWIS ^ 

(UNiA’’EESiTy College Hospital Medical School), 

With Plates 28 and 29 

It is customary for those who make a special study of graphic records 
to give, when explaining their figures, interpretations of the curves which 
appear to them in closest accordance wdth previously published facts, and with 
their own experience of similar curves. 

In giving dogmatic interpretations of curves, a conscientious writer confines 
himself to such interpretations as he feels will meet with the general approval 
of those who are alone fitted to judge of their correctness. I speak of those who 
are actively engaged in the collection of facts. He is not called upon to repeat, 
in each instance, the evidence which is well known to such students, though it 
may be unknown to the casual inquirer, but only to give a sufficiency of evidence 
to make his whole communication rational. It so happens that any who 
may chance upon isolated examples of curves, the interpretation of which 
appears to stand in contradiction to their own preconceived ideas, are entering 
upon a hazardous course when they venture to criticize before rendering them- 
selves fully conversant with the facts. 

It is not my purpose to follow Dr. Brockbank from paragraph to para- 
graph, or to show, as could be shown, the tenuity of one argument after another 
as they are advanced in his article. It is not the duty of a worker to defend the 
writings of a school to which he may be thought to belong ; but it is his right to 
vindicate those personal interpretations of his published curves, which have been 
called in question." This I shall proceed to do. 

The first tracing to which I wish to refer is the first figure of Dr. Brock- 
bank’s article (republished from Heart, 1909-10, i. 48, Fig. 1). It is again 
published, as Fig. 1 of this communication. Dr. Brockbank says of it (this 
Journal, 1910, iii. 349) : — 

‘ Here are jugular and radial pulse records from a patient with a pulse rate of 187, and it 
is said that the a-c interval was cqiiat to or slightly more than 0-02 sec. — certainly it measures 
this hj' the time marks. It will he seen that the a wave is very prominent, and if peqiendi- 
culai's he drawn from its origin and from its summit they will be found to enclose a space 

’ Working under the tenure of a Beit Memorial Research Fellowship. 

- And in so doing I shall answer the criticisms, not only of the interpretations cf my oivn 
curves, hut also of many others which are discussed in Dr. Brockbank 's paper. 

IQ. J.M., April, igu.] X 2 
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equal to full 0-20 sec. So here we have a figure showing that out of 0-3 sec. occupied by the 
whole of the cardiac cycle, not only does the «-c interval equal 0-2 sec. or more, hut auricular 
systole itself extends throughout the whole of this period of time, and that is more than twice 
the time that is occupied by ventricular systole. In other words, whilst the duration of 
ventricular systole is normally about three times as long as auricular systole, here it is half as 
long, or one-sixth of its normal relative duration as compared with auricular systole.’ 

Dr. Brockbank concludes that if the interpretation of the curve is correct the 
auricular is of twice the duration of ventricular s 3 ’stole, and appeals to the 
incredulity of his reader on this ground. But on what evidence does he base his 
contention ? 

First, it is based upon a calculation of the length of auricular systole. The 
measurement is made by Dr. Brockbank hy draiving pet'X^endicular lines from 
the m'igin and summit of the wave a. Now let us assume for the sake of 
argument that the base and summit of a are representative of the times of onset 
and offset of systole in the auricle, an assumption which, though knowing a to 
result from auricular systole, I never have made. Is the measurement which 
Di’. Brockbank makes justified? It is anything but justified, and entails an 



Fig. 1. A polygraphic curve from a case of paroxysmal tachycardia, in which, while 
ventricle is responding to auricle, a given auricular systole coincides with the end of the pre- 
ceding ventricular contraction. The first curve criticized by Dr. Brochbank. 

extremely elementary blunder. The curve is written from left to right bj’’ 
a lever, the pen of which moves through the arc of a circle. Any transference 
of times from points of the curve which lie at different levels on the paper has 
to be corrected against the index-mark which is shown at the end of the curve, 
and this index-mark is not perpendicular. The general direction in which the 
pen inclines, in writing the a waves measured, is of first importance if the 
smallest approach to accuracy is to be obtained in measurement. Let me take 
an extreme case. I have drawn two series of waves with a polygraphic lever on 
separate strips of paper, on each of which the time is marked in fifths ; and 
I have lettered the waves h and c. Each strip also shows its respective index- 
mark, but they are at different inclinations. The waves in Figs. 2 and 3 are 
of approximately the same dimensions. Following the example of Dr. Brock- 
bank, let us draw perpendiculars from h and c to the time marker in each 
curve. We know at the outset that the actual time distance between b and c is 
approximate!}' the same in the two cm-ves, for the}' were drawn in a similar 

1.4 

manner. In Fig. 2 it measures, by the method of perpendiculars, sec. (the 

o 
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time marker is in sec.). In Eig. 3 it is a minus quantity ; the actual measure- 
2-6 

ment stands at — ^ sec. According to the angle at which your lever writes, 

you make the length h-c what you please. How is the true measurement of the 
time interval between points h and c to be obtained 1 By very simple means. 
It is found by subtracting the distance c-/from the distance b-e (Figs. 2 and 3). 

The true measurement of the time interval between the origin and summit 
of the a waves in Fig. 1 is somewhat less than 0-1 second, or less than half the 
distance given by Dr. Brockbank. 

Let us turn to the second measurement of the same writer. He states that 
of 0-3 sec. occupied by the whole cardiac cycle, 0-2 sec. is taken up by the 




Figs. 2 and 3. Two series of curves drawn with the i)olygraph. The curves are quite 
roughly drawn, but are sufficient for purposes of illustration. At the end of each series , the 
curved index-marks are shown. It will be observed that they ai'e inclined in different directions. 
The general inclination of the waves is the same as that of the corresponding index-mark. To 
illustmte the fallacy of measuring the duration of waves by drawing perpendiculars to the 
time marker. 

auriculai’ systole. And he infers therefore that ventricular systole cannot occupy 
more than the remainder, namely 0-1 sec. In taking this second step, Dr. Brock- 
bank utilizes a time measurement (e. g. 0-2 sec. for auricular systole) which is 
absolutely invalid. If any measurement had been taken it should have been, as 
we have seen, 0-1 sec. The relationship of what he chooses as measurements of 
auricular and ventricular systole would then have stood at 0-1 sec. for auricular 
and 0-2 sec. for ventricular systole respectively. In bi-ief, whereas ho infers 
that my interpretation shows auricular to be twice the duration of ventricular 
systole, he should, in taking the second step, have allowed the reverse i-elation- 
ship. But this does not complete a description of the en-ors in the complete 
argument. It is assumed that as the pulse rate is 187, the length of the whole 
of each regular cardiac cycle is 0-3 sec. The value of the whole cardiac cycle is 
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apparently obtained by tbe not verj^ exact calculation = 0-3 (I note in passing 
that tbe inexactitude teUs in favour of Dr. Brockbank’s thesis). But as a matter 
of fact tbe foundation of tbe wbole argument is fallacious. It is quite beyond 
the bounds of possibility to calculate tbe length of 'a whole cardiac cycle’ by an 
estimate of pulse rate. All that can be deduced in regard to the lengths of 
systole , of auricle and ventricle from a pulse rate of 187 is that ventricular 
systole occupies less than 0-33 seconds. And the reason for this is obUous, 
for it may chance that auricular and ventricular systole coincide. I illustrate 



Fig. 4o and b. Two figures illustrating interjiretations of the mechanism j-iorti-ayed by 
Fig. 1. The vertical lines are separated hy time intervals of O-l sec. The figures show the 
fallacy of calculating the length of the ‘ whole cardiac cycle ’ from the pulse rate. 

this point by the accompanying diagram. Fig. 4 a depicts cardiac cycle-s 

in which the relation.ships of auricular and ventricular systoles is as Dr. Brock- 

bank would have them. Fig. 4 6 depicts a relationship such as I maintain 

is far more probable for the case under consideration. And Dr. Brockbank 

delibeititely neglects this question of coincidence of systoles in referring to my 

figure, although such coincidence is spoken of in perfectly distinct language in 

my original paper (p. 49). 
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I submit that instead of the statement that ‘ out of 0-3 sec. occupied by the 
■whole of the cardiac cycle, not onlj^ does the a-c interval equal 0-.2 sec. or more, 
but auricular systole itself extends throughout the whole of this period of time, 
and that it is more than twice the time that is occupied by ventricular systole 
Dr, Brockbank should have vTitten, ‘ the auricular systole occupies 0-1 sec. or 
less,“ and as the ventricular cycle cannot be shown to be shorter than 0>25 sec., 
it is beyond my power to demonstrate from the original interpretation of this 
figure that auricular systole is more than to -J- the length of ventricular 
systole,’ The deviation between actual and justifiable statement is sufliciently 
conspicuous to require no further comment. 

I pass to the second of my published curves, the interpretation of which 
is the subject of Dr. Brockbank’s remarks. It stands as Fig. 6 in his paper, and 
the original will be found in this Journal, 1908-9, ii. 359 (Fig. 6). I reproduce 
it here again, as Fig. 5. 

Now I maintain in the first place that it is illegitimate to separate a tracing 
from its companion curves, and it happens that the isolation of this particular 
example materially detracts from its value. The curve in question is one 
of a group of seven published from the same case, and of the two curves 
criticized (Figs. 6 and 7 of the original paper) Fig. 6 is alone republished by 
Dr. Brockbank, I republish Fig. 7 also (it stands as Fig. 6 of the present 
paper). 

In regard to these two figures, Dr. Brockbank writes (pp. 353-4) : — 

‘ Another illustration of the passing over of waves which, occurring at the proper time, are 
possibl}’, if not probably, due to auricular systole, occurs in a pajser by Lewis in this Journal 
on “ Irregular Action of the Heart in Mitral Stenosis and the inception of Ventiicular 
Rhythm ”. In Figs. 6 and 7 the wave marked a and attributed to auricular systole, without 
any obvious reason, is, I suggest, .wrongly marked. In Fig. 6 * there is a distinct wave at the 
proper time for that due to auricular systole and following, by as much as 0-30 sec. in some 
beats, the wave attributed in the tracing to auricular systole. In Fig. 7 “ again the wave 
marked a precedes by 0*25 sec. a distinct wave at the proper time for auricular systole.’ 

Now take the first curve referred to. Fig. 5 of this paper. I recognize that 
it would perplex me to show on the evidence of this curve alone (and it is the 
only curve republished by Dr. Brockbank), and to an uninitiated reader, that 
the wave marked a is the true representative of auricular systole. But I shall 
have no difficulty in showing that such is the case if I am allowed to refer to 
other curves taken from the same patient. Fig. 6 was taken at the same sitting 
and was published at the same time. There are waves in this figure of a similar 
nature. I have marked certain waves respectivelj’^ and I direct attention 

to a” and n.’® especially. I think there can be no doubt, even amongst the most 
sceptical, that the waves marked a” and a’® in Fig. 6 have been caused by 
a similar mechanism to that which produced the waves marked a in Fig. 5. 

’ Personally I will not state its length at all. 

^ Fig. 5 of the present paper. 

“ Fig. 6 of the present paper. 
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But in Fig. 6 a? and stand in definite relationship to the full series of a waves 
shown. They fall at approximately equal distances throughout the whole curve, 
though they vary in form. It is the relationship to the preceding ventricular 
systole, represented by c in the upper or venous curve, which shows variation 
in time, and this, as we shall see, is the cause of the variation in the form of the 
whole series of waves marked a in the curve considered (details which are fully 
entered into in my original paper and which I must perforce repeat}. My 
contention is that the waves marked a in the curve are due to auricular 
systoles. Take and : they are 2 >i'ominent waves immediately preceding 
the c’s, the representatives of the onsets of coi’responding ventricular contrac- 
tions. They stand in the presystolic periods of the jugular curves, and there is 
no factor in operation in the heart, other than auricular systole, and at such 
times, which is capable of giving rise to waves of this kind. They are not 
in any way attributable to a ventricular systolic event, for ventricular systole 
has terminated before each of such waves commences. And if this could not be 
shown in the case of and it would be obvious in the case of u'”, which 
stands, as the radial curve shows, at the end of a relatively long diastole. Now 
a curious transition is shown between and The interval between 
and its corresponding or succeeding c is 0-3 sec. ; and this interval is maintained 
for four beats. At there is further prolongation of the interval (the normal 
length is 0-2 sec. or less) to 04 sec. and in the succeeding beats the value reaches 
0-6 sec. Yet the waves marked a are approximately regular throughout. The 
variation in intervals is an accompaniment of a movement of a given ventricular 
contraction (c wave) away from the wave a of the corresponding cycle. And this 
delay of ventricular contractions is necessarily followed by a gradual approach 
of a given a wave to the preceding ventricular contraction. Now what is the 
rational interpretation of these events? It is that the a waves are due to 
auricular systole and that the auricular systoles are the cause of the succeeding 
ventricular contractions, but that for some reason or other there has been an 
increasing impediment to the passage of the impulses supplied to the ventricle 
by auricular contractions ; thus, as the curve pioceeds, the auricular systole and 
the corresponding ventricular response become further removed from each other. 
Now this interpretation is in complete accord with a host of researches of 
the most careful kind, and well known to special students of the subject. But 
let us continue to examine the proposition on its own merits, in respect of the 
curves shown. An examination of waves to leads us to the conclusion 
that there is a defect in the conduction of impulses from auricle to ventricle. 
This conclusion is in absolute agi'eement with the interpretation of tlie events 
surrounding a° and a® is followed bj' no radial beat, neither is there 

a c wave following it in the phlebogram.® On the other hand it is associated 
with an increased pause in the radial pulse. This pause is attributed to 

' The venous lever is not writing directly above the radial cuive but somewhat to the 
left of it. Corresponding arterial pulsations are joined by a dotted line at the beginning of 
the curve. 
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a ‘ dropped beat an exaggeration of the impediment to the passage of impulse 
already noted, an exaggeration which culminates in a complete failure of 
response. Lastlj^, we may revert to the question of the variation in height 
of the waves marked a. This variation receives complete explanation, if it is 
assumed that the a waves are the result of auricular sj'stoles. For the height of 
a given wave is in proportion to the calculated pressure at the tricuspid ling 
at the moment of its occurrence. The nearer the approach of an a wave to the 
preceding c wave, the higher it is ; and this is so for the reason that the auricular 
contraction falls further and further into the preceding ventricular systole, and 
that instead of the auricle emptying into the ventricle its contraction tends to 
raise venous volume. The phenomena of coincidence of amlcular and ventricular 
contraction, and exaggeration of the wave in the phlebogram with which such 
coincident contraction is associated, have received accurate experimental study 
bj’’ several observers, and are perfectly well recognized. It is beautifullj'^ 
iUustrated in the two venous staircases shown in Fig. 6. (The exaggeration of 
is the outcome of the increased pressure in the ventricle as the result of blood 
accumulation in it during the long diastole.) 

Now I contend that this interpretation of Fig. 6 is absolutely in accord 
with previously published facts, that the proposition that the a waves are the 
result of auricular systoles constitutes the only rational intei-pretation of the 
curve, and this intei’pretation would be unhesitatingly adopted by any one 
sufficiently acquainted with polygraphic work. The reading of the figure gives 
unquestionable evidence of the presence of heart-block, evidence in every way 
compatible with our knowledge of heai-t-block. But if the a waves of Fig. 6 are 
due to auricular systoles, so are also the a waves of Fig. 5, for they may be 
traced continuously in the original curves from one tracing to the other. In Fig. 5 
the interval a-c, as marked, is increased (from the normal 0-2 sec.) to 0-5 sec. 

Dr. Brockbank’s chief difficulties in regard to Fig. 5 are, first, his unwilling- 
ness to admit the possibility of a widened conduction interval, and secondly, his 
failure to appreciate the possibility of the coincidence of an auricular with the 
preceding ventricular contraction. 

To each of these questions I shall return subsequently. At the present 
time let it be noted that I published these two figures with a specific object, 
namely, to demonstrate the presence of impairment of impulse conduction 
between auricle and ventricle, a demonstration which Dr. Brockbank will not 
allow to have been completed. Now impulse conduction from auricle to ventricle 
occurs, as my readers will know, through a naiTow bridge of tissue uniting 
auiicle to ventricle, the auriculo-ventricular bundle. The sequel speaks for 
itself. As a result of an examination of these curves, I was of opinion that the 
functions of this bundle were deficient, and the curves were published as evidence 
of the contention. The patient from whom the curves were taken died many 
months ago," and Professor Woodhead reports that the bundle in question 
is invaded by a conspicuous lesion. So much for the actual curves and the 
' The heart's mechanism remained practically unaltered until death occurred. 
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conclusions to be drawn from them. I turn to a further demonstration of two 
facts : (1) that while ventricle is responding to auricle, the auricular systole may 
coincide with the preceding ventricular contraction, and (2) that a prolongation 
of the interval between a and c waves in the jugular pulse is an invaluable 
and sufficiently accurate guide to the interval between the onset of auricular and 
ventricular systoles in the heart itself. 

The first demonstration is necessitated, because I utilize the argument 
in the discussion of Figs. 1, 5, and 6, and because Dr, Brockbank is disinclined 
to admit it; he neglects the possibility where he calculates the relative duration 
of auricular and ventricular systoles (cf. Fig. 4 and discussion relating to it). 

The second demonstration is necessitated while Dr. Brockbank, in speaking 
of heart-block, writes (on p. 359) ; — 

‘ Such cases “ undoubtedly exist, but there is no definite clinical evidence to show that 
the a-v bundle ever passes on stimuli at a pathologically slow rate, let alone at such an 
abnormally slow rate as it is said to in Griffith’s and Lewis’s cases. 

A prolongation of the a-c interval in hearts beating 60 or 40 or less is quite conceivable 
in cases of mitral stenosis or disease of the a-v bundle, without there being any alteration at 
all in the normal sequence of events of a cardiac cj'cle.’ 

Now whatever be the merits or demerits of the polygraphic metiiod, I think 
that even Dr, Brockbank will be prepared to admit that we have in the electro- 
cardiogi’aphio method a certain means of identifying the approximate times 
of onset of auricular and ventricular systole. It is a method of recognized 
accuracy and is in no way open to criticism on the score of variation in trans- 
mission intervals. After a large experience of both methods, I have no hesitation 
in stating that the galvanometer has confirmed aU the main and generally- 
recognized facts which have been won by the polygi’aph ; these new records 
have completely substantiated the value of the older method. 

When I enter upon a demonstration of the two propositions cited above, 
I do so under protest. I say emphatically that both these propositions were 
established before the modern electro-cardiogram was heard of. 

The fact that a prolongation of the auriculo-ventriculo-systolic interval may 
occur has been fully established experimentally, and I should have no difficulty 
in quoting abundantly to this effect. But let us confine oureelves to the 
mammalian heart with which we are dealing. It will suffice if I quote from 
Erlanger’s classical paper on this subject. Speaking of the dog's heart, he say.s 
{Journ. of Med., 1906, viii. 57) : — 

‘ (1) Upon cautiously tightening the clamp, the first obvious effect may bo an increase in 
the period intervening between the beginning of an auricular contraction and the beginning 
of the ventricular contraction, the intergystoUc period, of the same cardiac cycle. The duration 
of the intersystolic xreiiod maj- then gradually increase in the successive C 3 'cles until eventuallj- 
the ventricles fail to respond to one of the auricular contractions (Fig. 20, o). Immediately 
following this ventricular “ silence " the intei-sj-stolic period again becomes short and it again 
incre.ases,’ &c. 

But it is my desire that the reader should have the actual facts before him. 
In Figs. 9 and 10 I reproduce electro-cardiographic curves, taken from two dog.s 

’ Cases of heart-block. 
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during periods of asphyxia {Lewis and Mathison, Heart, 1910-11, ii. 47, Figs. 
2 and 3). The normal electro-cardiogram consists of three chief summits, 
P, R, and T, and in regard to these peaks it has been shown beyond dispute that 
P represents auricular and R and T ventricular contraction. The two figm-es, 
w'hich are republished, show partial heart-block. Each ventricular complex 
(R, T) is preceded by an auricular peak, P, but at very varying time intervals. 
And in two places in the firat figure (Fig. 9) and in three places in the second 
figure (Fig. 10) a P summit stands isolated. The responses to these auricular- 
beats are ' dropped ’. After each dropped beat there is a prolonged ventricular 

' v- v -y- i - v -T- > t ■ u — »— u — ir-»— V— r- y - » i » » R 'l i i t i"i t i t i y i 




■5- 



‘ dropped ’ beats. 

pause, at the tei-mination of which the interval P-R (a measurement of the 
auriculo-ventriculo-systolic period) is relatively shor-t. With the succeeding 
beats it shows gradual prolongation, i. e. the auricular impulses are trans- 
mitted, with ever incr-easing difficulty, up to the point where response fails. 
The events in Fig. 9 ar-e as follows : — P-R interval 0-12, 0'14, 0-17, dropped beat. 
In Fig. 10 they are P-R interval 0-13, 0-18, 0-30, dropped beat. 

Again, note the position of the P waves, which are succeeded by long 
intervals; tliex] fall vAtliin the limits of ‘preceding ventricular systoles, for 
ventricular- sj'stole ends somewhat later than the point at which the broad 
T wave reaches the base line. 

Let us tur-n to the final demonstration, for Dr. Brockbank, though prepared 
to quote experimental evidence, speciaJlj- mentions the clinical evidence. 
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Figs. 7 and 8 were taken from a single patient,® a case of exophthalmic 
goitre with enlargement of the left ventricle and mitral regurgitation. They 
are polygraphic curves and are selected from a series taken from this patient. 
The curves as a whole showed, from day to daj'', a gradual and uniform improve- 
ment in auriculo-ventricular conduction, which was considerably damaged when 
the patient was fii’st seen. 

The phenomena noted in this patient were as follows : — 

First day of observation : ventricle responding to each second, and occa- 
sionally to each third auricular contraction only. 

Second day : ventricle responding to each second auricular contraction, and 
occasionally to successive impulses. 

Third day : ventricle responding to successive auricular contractions, with 
occasional dropped heats. 

Fourth and subsequent days : prolongation of the auriculo-ventriculo- 
systolic interval ; no dropped beats. 

I begin with the later cui’ves. . Fig. 7 is from a prolonged tracing in which the 
1‘3 

a-c interval measures — sec.^® It is given for comparison with a simultaneous 

U 

polygraphic and electric curve taken on the preceding day. This is shown 
in Fig. 11. In the electro-cardiographic and venous curves regularly placed 
waves are seen : — 

Auricle Ventricle 

Electro-cardiographic P R, T 

Polygrccx)hic a c, v 


In the electro-cardiographic curve the P-R distance, in the venous curve 
the a-c distance, is taken as an index of auriculo-ventricular conduction. Now 

0 6 

the curve reads from left to right, and c stands approximately -r- sec. to 

o 

0 6 

the light of R and a approximately sec. to the right of P. This interval 

is due in part to the conduction time of the venous waves to the neck, and 
in part to the transmission time of the recording apparatus (calculated at the 
0-2 

time at sec.}.^^ The figure shows a series of a-c and P-R interval of 
o 


L4 

5' 


1-5 

~5 


in duration. 


The divergence between a-c and P-R is in no instance 


greater than -ss sec., a divergence well within the limits of teclinical eiror. 
Now I am far from saying that the correspondence is alwaj’s so clear, but it is 
necessary to emphasize the fact that there is never a wide divergence, and that 


0 For the opportunity to examine whom, I am indebted to Mr. Wilfred 'JVotter. 

I give the measurements in this form because the time marker is in i sec. The figure 
above the line gives the number of fifths. 

u It is also due in part to the fact that the electric cHect slightly precedes the actual 
contraction. 
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as a result of the comparison in a number of cases, it may be affirmed that where 
the o-c interval exceeds sec., the P-R interval will be found to have increased, 
and speaking of practical measurements, the prolongation is of approximately 
equal extent in both. There can be no question from Fig. 11 not only that 
the auriculo-ventriculo-systolic interval may be prolonged, but that in certain 
instances the auricular s3’^stole ends long before the ventricular systole starts. 

We go back to the earber but more complex cuiwes. Figs. 12 and 13 
are from the same case, but the grade of block is higher. There are dropped 
beats and the P summits are often falling during the limits of preceding 
ventricular systoles. The positions of these coincidental beats are marked by 
dotting the outlines of the T variations in white beneath the composite curves. 
Where P and T faU together, the former is found by subtracting the known 
outline of T from the whole summated curve. The events portrayed in Fig. 12 
may be compaind with those of Figs, 9 and 10, for they are exactly parallel. 
The phenomena are represented as follows ; — 

P-R interval ^ ^ ^ ’ dropped beat. 


Again, take Fig. 8 (a polygraphic curve obtained on the same day). It 
shows events which are parallel to those of Fig. 6, the criticized curve. Beats 
are dropped after each second or each third response ; and there is a widening of 


1*0 1*7 2*0 

a-c intervals (-g- » -g- » and -g-) up to the dropped beat. Note also the rise in 


the height of a as it falls back further and further towards the preceding c. 

In Fig. 13 I pubbsh another curve taken from this patient on the same day, 
simultaneous electro-cardiographic and polygraphic tracings, which should lay all 
doubts of interpretation at rest. The strip may be compared with that part 
of Fig. 8 in which the inteiwals are marked. In Fig. 13 each R summit is 
followed by a c wave in the venous curve, while each summit is succeeded by 
a wave marked a (the separation of a and P or c and R is approximately by the 
0 6 

usual interval, sec.). Now in Figs. 7 and 11 the a waves are small, and for 

the reason that auricular and ventricular systoles (a and v or P and T) do not 
coincide, w’hile in Fig. 13 the characteristic staircase of a’s (a^ to a^) is shown as 
each successive a falls further back towards the preceding c. The practical 
inteiqrretation of the curves as a whole is complete ; they are proof against the 
greatest scepticism. But, saj’s Dr. Brockbank (p. 354), in referring to Fig. 5 ; — 


'there is a distinct wave at the proper time for that due to auricular sj’stole and following, by 
as much as 0-30 sec. in some heats, the wave attributed in the tracing to auricular systole.' 


I draw Dr. Brockbank’s attention to the similar waves in Figs. 8 and 13, 
waves marked with asterisks, and ask him if by any effort of imagination he can 
attribute them to an event synchronous with the onset of auricular systole. 
They fall approximately 0-26 sec. later than the wave mai’ked a in this 
instance. To what are they due ? I leave Dr. Brockbank to decide : they ai'o 



MODERN ENGLISH CARDIO-VASCULAR TEACHING 313 

of little consequence to those of us who look to a practical issue of our 
observations, for we know from the simultaneous electric curves that the 
a waves marked are due to auricular systoles. 

Let me sum up the position. Dr. Brockbank has thought fit to criticize 
certain published curves. His criticisms ai’e totally invalid. He has attempted 
to cast doubts upon the interpretation of certain events and certain deductions 
made from them. The interpretation as originally stated is justified by a careful 
analysis of the curves themselves, and the conclusions are upheld by an 
abundance of evidence. 

At the present time we are face to face with a mass of new facts, and 
with problems of considerable co mplexity. It is not the time for controversy, 
it is the time for patient endeavour in the collection and sorting of these facts. 
It is necessary to impress upon my readers that those of us who are intent upon 
arriving at the meaning of these new facts can ill afibrd to turn aside from 
the legitimate path of investigation to reply to eriticisms which have no real 
foundation. And I may be permitted to state once more my emphatic opinion, 
that if criticism is to be of service, it must come from those who are taking 
an active part in building up the real knowledge of the subject. 
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DESCRIPTION OF FIGURES. 

Plate 28, Figs. 9 and 10. Two electro-cardiograms from separate dogs during periods 
of asphyxia. P represents auricular and R and T ventricular systole. They show that 
prolongation of the auriculo-ventriculo-systolic interval occurs in experiment, and that an 
auricular contraction which originates a ventricular response may fall hack upon the preceding 
ventricular systole. 

Plate 28, Fig. 11 ; Plate 29, Figs. 12 and 13. Electro-cardiographic curves and poly- 
graphic curves from the same case as Figs. 7 and 8. They show in the most conclusive manner 
that the interpretation of Figs. 7 and 8 is correct ; and prove beyond question that clinically 
auricular and ventricular beats may coincide, where ventricle is responding to auricle, and 
that prolongation of the auriculo-ventriculo-systolic interval occurs in man. It should be 
remembered that the curves are but short sections of prolonged tracings. The same series 
of events was repeated time after time. Time as in all curves is in ^ sec. 
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A STUDY OF THE ALTEEATIONS OP THE HYDEOOHLOEIC 
ACID IN THE GASTEIG JUICE, DUE TO GAECINOMA 
OF THE STOMACH 

By GEOEGE graham 

Since the original discovery by von den Velden (21) in 1879, that free 
hydrochloric acid was not present in the stomach when dilatation was caused 
by carcinoma of the pylorus, a great many papers have been written on this 
subject. It is not necessary to deal here with the work of the first twenty 
years, as full accounts of it have been published by many of the authors quoted 
in this paper. In spite of all the work which has been done, neither the cause 
of the absence of hj^drochloric acid nor the frequency with which this change 
takes place has yet been settled. 

Eeissner (15 and 16) in 1901 showed that the hydrochloric acid was much 
diminished and the mineral chlorides were increased in nearlj’' every case of 
carcinoma of the stomach. He thought that the diminution of the acid could 
be explained by neutralization with an alkali. Emerson (6) in 1902 also 
concluded, on different grounds, that neutralization of the acid took place. 
That a diminution of the active acid is accompanied by an increase in the 
amount of mineral chlorides was further confirmed by Clowes and Jeffcott (2) 
in 1904!. Von Tabora (20) in 1904 thought the change was due to two causes : — 
(1) A neutralization which took place when the pjdorus was affected ; (2) a 
chronic gastritis which occurred when the growth was on the lesser curvature 
of the stomach. Willcox (23, 24, 25, 26) in 1905 found that the acid was diminished 
in aE the cases of malignant disease which he had examined. He did not notice 
any increase in the mineral chlorides. Moore (11, 12, 13) in 1905 advanced the 
hypothe,sis that the absence of hydrochloric acid was not due to a local con- 
dition in the stomach, but to general conditions set up in the body by the new 
grow'th, which need not nccessaiily be in the stomach. Copeman and Hake 
(3, 4) have been unable to confirm Moore’s work. I have made various 
experiments to test the accuracy of the methods employed, and have collected 
a series of cases in which a routine examination has been made. 


I. Methods^ 

The test meal which I have employed throughout my series of cases 
consists of a pint of weak tea without milk or sugar and two pieces of toast, 
about 2 oz. It is usually given at 9.0 a.ra., after the patient has fasted since 

IQ. J.M., April, ign.) T 
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midnight or, which is better, has just had his stomach washed out with water. 
About one hour afterwards, the contents of the stomach are siphoned off by 
means of the stomach tube without the addition of water. No water is added 
because it reduces the value of the chemical analysis for comparative results. 
If the food does not at once appear in the tube, the patient is instructed to take 
a few long deep breaths ; this will sometimes start the flow, and the siphon 
action will then empty the stomach. If this is not eflfective, the flow up the tube 
should be stai-ted by creating a slight vacuum. I have found Senoran’s stomach 
aspirator (made by Allen and Hanbury) very useful for this purpose, and as 
a large vacuum cannot be created, little danger of damage to the gastric mucous 
membrane exists. Occasionally nothing at all can be withdrawn, and the 
stomach should then be washed out with water to ascertain that there is 
nothing left in it. 

The volume of the gastric contents should be measured, and is of some 
importance, since it afibrds evidence of the motor power of the stomach. Some- 
times nearly the whole pint can be recovered, while at others only an ounce 
or two. The reaction of the gastric contents is nearly always acid, and the 
acidity should be estimated quantitatively by titrating 10 c.c. of the filtered 

N 

gastric contents with an ^ soda solution, using phenolphthalein as an indicator. 

The results obtained are accurate, but owing to the yellowish colour of the fluid 
the precise end-point is sometimes difficult to observe. The results are best 
expressed by the number of grammes of hydrochloric acid in 100 c.c, of the gastric 
contents, assuming that the total acidity is due to the hydrochloric acid. 

The fact that the gastric contents are acid in reaction has long been 
known, but it was not until 1824 that Prout (14) showed that the acid present 
was hydrochloric acid, or muriatic acid as it was named at that time. This 
observation was at first disbelieved, and it was not until 1852 that Bidder and 
Schmidt (1) conclusively proved the acid to be hydrochloric acid. Since then 
the fact has been established by other workers. In 1872 Richet (17), who made 
several fresh observations on the gastric juice, came to the conclusion that 
hydrochloric acid was the only acid present, and that it did not exist in the 
free state but was loosely combined with some organic matter. 

The total acidity of the pure gastric juice is not due to the hydrochloric 
acid alone, because acid phosphates are also present. Still less does the total 
acidity of the gastric contents represent the hydrochloric acid, for in addition to 
the acid salts, lactic and butyric acids may be present. 

A great many methods of detecting the free hydrochloric acid have been 
devised, but only two are accurate. 

The Giinsberg reagent (Willcox modification) contains phloroglucin 
4 grains, vanillin 2 grains, dissolved in 1 c.c. of absolute alcohol. This solu- 
tion must be freshly made up, as it does not keep well. Two c.c. of filtered 
gastric contents are mixed with it in an evaporating basin and heated to dryne.s.s 
over a water-bath. A bright red colour indicates the presence of free hydro- 
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chloric acid. Willcox has been able to detect it even in a dilution of 1 in 
100,000. The test is not disturbed by the presence of lactic acid, other organic 
acids, or by salts of hydrochloric acid. 

The Boas reagent contains cane sugar, gim. v ; resorcin, grm, iii ; •water, 
50 c.c. ; methylated spirit, 50 c.c. This reagent acts in a similar way, and is 
nearly as delicate as the Gunsberg. It keeps its properties better and is also 
much cheaper. 

These two reagents form definite coloured condensation products with the 
hydrochloric acid and are direct tests for its presence. Several other reagents 
have been used for detecting free hydi-ochloric acid, e. g. Congo red ; tropaeolin 
0 0 ; alizarin ; dimethylamidoazobenzene. These indicators are all reagents 
for detecting the H ions, and any substance which has a sufficient concentration 
of H ions will react with them. They are not all equally sensitive, and the 
results obtained on titrating a complex fluid like the gastric contents with an 
N 

soda solution vary with the indicator used. Consequently a search has 


been made for an indicator which is only affected by free hydi’ochloidc acid. 
Dimetbylamidoazobenzene has been called the indicator for free hydrochloric 
acid. However, it only measures the number of H ions present in the solution, 
and if lactic acid or organic salts of hydrochloric acid are present in sufficient 
concentration they will increase the titration figures for the free hydrochloric 
acid. Willcox (23) has been able to detect lactic acid in a dilution of 1 in 10,000 
with the dimethyl indicator. I have mixed the amido-acid glycocoll with 
N 

hydi’ochloric acid in such proportions that no hydrochloric acid was left 

uncombined, and this was confirmed by using the Gunsberg reagent and the 
Prout Winter method. But the dimethyl indicator gave a crimson colour 
showing the presence of H ions. Hence the dimethyl indicator cannot be 
accepted as an accurate test for free hydrochloric acid, for if the H ions of 
organic acids and hydrolysable salts of hydrochloric acid are in sufficient 
concentration the indicator is affected. The same argument holds good for 
the other indicators of this class, and they react to H ions in a less concentra- 
tion than the dimethyl indicator. But the qualitative tests for the presence 
or absence of free hydrochloric acid are of little value as an aid to diagnosis, 
and quantitative estimations must be made. A great many methods of esti- 
mating the free hydrochloric acid have been devised. They may be divided 
into three classes, viz. : — (1) Simple titration methods with difierent indicator. 
(2) Estimation of the chlorides. (3) Experiments which depend on the free 
mineral acid producing an easily estimated change in another substance. 

I. Toepfer’s method. This consists in titrating 10 c.c. of the filtered gastric 
N 

contents with soda, using several indicators. Thus the total acidity is 

determined by means of phenolphthalein ; the free acids by means of alizarin j 
the free hydrochloric acid by dimethylamidoazobenzene, .which was thought 

Y 2 
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to be unaffected by organic acids or acid salts. I have already discussed the 
principle of this method and shown that the results obtained by it cannot 
be at all accurate. A modification of the method consists in using Giinsberg or 
Boas reagents for estimating the free hydrochloric acid. This method is an 
accurate one, but it is exceedingly tedious to carry out, as the evaporation of 
the reagent on the water-bath takes some time and must be repeated at frequent 
intervals. 

I have estimated the free hydrochloric acid by Winter and Hayem’s 
modification of the original method by which Prout (14) demonstrated the 
presence of this acid in the gastric juice. 

II. Prout ^Yinter 'method. A. 10 c.c. of the filtered gastric contents are 
mixed with excess of sodium bicarbonate in a platinum crucible and evaporated 
to dryness over a water-bath. The contents of the crucible are then heated 
over a Bunsen flame and incinerated, thus driving off all the organic matter 
but retaining all the chlorine as a mineral chloride. The ash is then extracted 
with hot water and filtered : the chlorides in the solution are estimated by 
Yolhard’s sulphocyanide method. The total amount of chlorine originally 
present in the gastric juice is estimated by this experiment, and is expressed 
in terms of hydrochloric acid per 100 c.c. 

B. This experiment is then repeated, but the sodium bicarbonate is not 
added until the solution has been evaporated to dryness, thus distilling off the 
free hydrochloric acid. The chlorine combined with organic and inorganic 
matter is determined by this experiment. The amount of free hydrochloric 
acid originally present is estimated by subtracting the result of Experiment B 
from that of Experiment A. 

C. Finally the experiment is repeated without any additions, and the 
chlorine in combination with a mineral base is determined. The quantity of 
chlorine combined with organic matter is obtained by subtracting the result 
of Experiment C from that of Experiment B, and this figure represents the 
protein hydrochloric acid. By subtracting the result of Experiment C from 
that of Experiment A the ' physiologically active ’ hydrochloric acid is deter- 
mined. This method, which has been extensively used by Winter and Hayem 
and also by Verhaegen (26), is easy to use, and although the experiment takes 
some hours to complete, it requires little attention until the last hour. 

Willcox (25) has used a modification of the Prout Winter method. Only 
Experiments A and C are performed and the ‘ active ’ acid is estimated. 
Willcox does not think that it is necessary to filter the black ash from the 
solution, but I prefer to filter as the end-point of the titration is thereby made 
much easier. Willcox has found that this method gives accurate results and 
my controls for Experiments A and C also show close agreement. But the 
controls for Experiment B, where the free hydrochloric acid is distilled away, 
do not agree so well together as the others do. 

Verhaegen considered that if the fluid was very viscid all the free acid 
might not be driven off, but on experimenting with a 10 per cent, solution 



ALTERATIONS OF HYDROCHLORIC ACID IN GASTRIC JUICE 319 

of glucose and adding distilled watei’ at least once befoi’e finally evaporating to 
dryness, he found that practically no free acid -was left behind in the ash. 
Hence if the gastric contents are very viscid, they should be diluted with distilled 
water at least once before the final evaporation to dryness. 

Willcox (24) repeated the experiment with a solution of dextrose, but found 
that he was unable to distil off more than 33 per cent, of the free hydrochloric 
acid. I have repeated the experiment, using Verhaegen’s precautions, with 
glucose solutions of various strengths. These experiments show that with 
solutions containing 5 per cent, of glucose, 78 per cent, of the free hydrochloric 
acid can be distilled away. With 7>5 and 10 per cent, glucose solutions 
only 33 per cent, of the free acid can be distilled away. The 7-5 and 
10 per cent, glucose solutions are much more viscid than the gastric contents 
usually are, and cannot be evaporated to dryness. Therefore when the gastric 
contents are very viscid, aU the free acid will not be distilled away and the 
results will be much too low. However, the gastric contents are most viscid 
when no free hydrochloric acid is present and when the digestion of the proteins 
of the food has not proceeded far. Hence in the majority of the cases the 
results will only be a little too low, and they afford some useful information 
about the composition of the ‘ active ’ acid. 

Reissner (16) has introduced another modification of this method. He 
neutralizes 10 c.c. of the gastric contents, using litmus as an indicator, and 
then treats the solution in the usual manner. By this method he distils 
awayij the volatile salts of hydi-ochloric acid which are not neutralized when 
litmus changes colour. The cori’ect figure for the ‘ active ’ HCl is obtained by 
subtracting the results of Experiment C from this one. 

IIL The katalysis of methyl acetate has been used by Moore, in con- 
junction with Alexander, Roaf, and Kelly (12), to estimate the free hydrochloric 
acid. This method depends on the law that the rate of the hydrolysis of methyl 
acetate is accelerated by the presence of H ions. Hence it measures the con- 
centration of the H ions and not the quantity of hydrochloric acid present. 
But hydrochloric acid is a much stronger acid than the organic acids, lactic 
and butyric acid, which may be present in the gastric contents, as Ostwald’s 
figures show : 

Hydrochloric acid . . . . = l-O 

Lactic acid = 0-00901 

Butyric acid = 0-00299 

Consequently the presence of small quantities of the organic acids wiU not 
affect the rate of the hydrolysis to any extent. The free hj'di'ochloric acid can 
be estimated accurately by this method, but if any of the acid has combined with 
protein to form a salt, a large error will at once occur. The salts of hydrochloric 
acid are much less readily ionized than the free acid, and cannot accelerate the 
hydrolysis of methyl acetate so much as the free acid does. Hence the results 
obtained will be much too low. 
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I have tested the accuracy of the methyl acetate method by using a mixture 
of protein and hydrochloric acid of known strength : — 

A. With a solution of Witte’s peptone 045 grm. + 0-292 grm. of hydro- 
chloric acid in 100 c.c. 

Prout Winter Method. Methyl Acetate Method. 

Free HCl 0-238 grm. 0-256 grm. per 100 c.c. 

Combined HCl O-Oo-t „ 

Total HCl 0-292 „ Error = 0-036. 

The Prout Winter figures for the free HCi are a little lower than those of 
the methyl acetate method. This may be due either to the incomplete distilla- 
tion of the free acid or to partial action of the peptone combination in hastening 
the hydrolysis of the methyl acetate. 

B. With a solution of glycocoU 0-292 grm. + 0-304 gnu. of hydrochloric acid 
in 100 C.C. 

By Calculation. By Methyl Acetate Method. 

Free HCl 0-162 grm. 0-160 grm. per 100 c.c. 

Combined HCl. 0-142 „ 

Total HCl 0-304 „ .-. Error = 0-144. 

These experiments show that the hydrochloric acid has combined with some 
of the peptone and glycocoll and can no longer hasten the hydrolysis of the 
methyl acetate. 

But the proteins of the bread given in the test meal are broken down 
by the digestive action of the stomach into albumoses, peptones, and polypeptides. 
The peptone, as I have shown, is capable of combining with hydrochloric acid 
and of rendering it inactive to methyl acetate. I have not been able to experi- 
ment with a polypeptide, which is a chain of amido-acids, but only with the 
pure amido-acid glycocoll which combined with a gi-eat deal of hydrochloric acid; 
this combination was inactive with methyl acetate. 

Hence when the protein of the food is broken down during digestion, some 
of the hydrochloric acid will combine with some of the broken-down products, 
and will no longer be detected by the methyl acetate method, although of course 
it will still be estimated by the Prout Winter method. 

Copeman and Hake (3) employed both methods to estimate the hydro- 
chloric acid occurring in test meals. They found that the methyl acetate method 
gave much lower figures for the hydrochloric acid than the Prout Winter 
method did. 

We ma 3 ’’ therefore conclude that the methyl acetate method is only capable 
of estimating the amount of hydrochloric acid which is actually in the free state 
or very feehly combined, and takes no account at all of acid which was originally 
free and has now combined with the food. Consequently the methyl acetate 
method is not of great value in gastric analysis, while the Prout Winter method, 
which takes account of hydrochloric acid ah-eady used up, is a much more 
valuable method. 
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Opinions unfortunately differ as to the part played in digestion by the acid 
when combined with proteins. Moore (13) considers that hydrochloric acid, 
which is so firmly united wdth organic matter that it cannot hasten the velocity 
of the methyl acetate hydroh^sis, is physiologically inactive and therefore cannot 
be of use in aiding digestion. He admits that this hydrochloric acid is combined 
with some organic matter, but he is unaware of its nature. He tried to estimate 
the ammonia present by Schlossing’s method, but was unable to obtain more 
than a trace. Willcox, following Liittke (10), classes together the free hydro- 
chloric acid and the acid present in combination with protein and calls the sum 
of those two the active hydrochloric acid, for he considers that both kinds of 
acid play an important part in digestion. 

Dreser (5) has made some experiments with hydrochloric acid and glycocoll, 
which combine together to form a salt. He has found that the digestive power 
of a solution of hydrochloric acid and pepsin is not impaired by the addition 
of glycocoll in sufficient quantities to combine with all the free hydrochloric acid. 
This combination, as I have already shown, does not give the tests for free 
hydrochloric acid ; however, these experiments show that it is still available 
for aiding digestive action. Hence the estimation of the amount of active acid 
is of great importance. 

With regard to Moore’s suggestion that some of the ‘ active ’ acid is really 
present as an ammonium salt, I have made a few determinations of the amount 
of ammonia present in the gastric content, using Shaffer’s method (19), which is 
much more delicate and reliable than Schlossing’s method, which Moore used. 

Quantity of NHj 
present in grm. 
per 100 c.c. 

I. Gastric ulcer . . 0-0047 

■ II. Dilated stomach . 0-00263 

III. Carcinoma of pylorus 0-0055 

These experiments show that in Cases 1 and 2 the amount of hydrochloric 
acid neutralized by ammonia and present as a ‘ fixed ’ salt is very small compared 
with the amount of ‘ active ’ acid. In Case 3, where carcinoma of the pylorus 
existed, the figures for the ‘ active ’ acid are very low and more than sufiicient 
ammonia was found to neutralize all the active acid. Hence, in this experiment 
the term ‘ active ’ acid is a misnomer. 

The total mineral chlorides contained in 2 oz. of toast are equivalent to 0-22 
grm. of hydi-oohloric acid. This quantity of mineral chlorides is given in 
20 oz. or 600 c.c. of weak tea which contain practically no mineral chlorides. 
Very little absorption of fluid takes place in the stomach, and the stomach 
contents are usually discharged into the duodenum practically unaltered in 
volume. Hence 100 c.c. of gastric contents will contain 0-036 gi m. of mineral 
chlorides calculated as HCl, Consequently, the figures for the total and mineral 
chlorides ai’e 0-036 grm. too high. 

Lactic acid. The usual tests for this acid are not reliable and are practically 


Quantity of HCl 
neutralized in grm. 
per 100 c.c, 

0-0109 

0-0056 

0-0118 


Quantity of active 
HCl in grm. per 
100 c.c. Prout 
Winter Method. 

0-296 

0-148 

0-0092 
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■worthless unless the lactic acid is first extracted from the gastric contents by 
ether. In Ufielman’s test, one drop of fen-ic chloride is mixed -with 2 per cent, 
phenol, giving a clear amethyst-hlue coloured solution. Lactic acid turns the 
colour yeUo'w while hydi’ochloric acid only discolours it. 

Hopkins’s (7) test is reliable hut requires a good deal of time, because the 
lactic acid must be carefully extracted, or else the gastric contents char with 
the sulphuric acid and obscure the colour reactions. 


n. Details of Analyses. 

One of the chief difficulties in pursuing these researches is that of ascertaining 
exactly from w’hat disease the patient is suffering. Many patients, if they 
improve in health, leave the hospital and are lost sight of, while if they die out- 
side the hospital, it is almost impossible to obtain an autopsy. Even the cases 
which are operated on in hospital present some difficulties ; an advanced carcinoma 
of the stomach is easy to diagnose, but the majority of cases are difficult. I have 
seen two cases of ulcerated stomach in the autopsy room where the parts can be 
easily handled and the stomach opened affording a good view, when expert 
opinion has differed as to whether the ulcer was innocent or malignant. The 
absence of metastatic deposits pointed to innocence, and this on microscopical 
examination was confirmed. It is therefore not sui-prising that an eiror in 
diagnosis is occasionally made during a laparotomy, when the stomach can only 
be felt, or seen, from the outside. 

Cases 56 and 57 in my series exemplify this difficulty. From an exa- 
mination of the test meal in Case 56, 1 decided that the patient had certainly 
not got malignant disease. The surgeon who performed the operation found 
a hard mass on the lesser cui-vature of the stomach, some hard glands in the 
lesser omentum, and felt some secondary nodules on the liver ; and consequently 
attempted nothing further. This patient is still alive, although two years have 
elapsed since the operation. He has become slightly thinner, but otherwise his 
condition has altered very little. The after history of this case renders it very 
improbable that the mass felt in the lesser curvature was a malignant growth ; 
the glands were probably inflammatory in nature. I cannot explain in any way 
the nodules felt on the liver. 

Case 57 was considered at the operation to have a malignant ulcer of the 
stomach and secondary deposits in the retroperitoneal glands ; the autopsy showed 
a chronic ulcer on the lesser curvature of the stomach which microscopically only 
showed inflammatory changes ; the glands adherent to the stomach also showed 
inflammatory changes; the lumbar and bi’onchial glands showed a widespread 
dissemination of a spheroidal-celled carcinoma ; a nodule in the kidney, as big as 
a hazel nut, also showed a spheroidal-celled carcinoma. The primary source of 
this carcinoma is not quite clear, but it is certainly not in the stomach. This 
agi-ees with the result of the test meal, which is typical of a gastric ulcer. 

For the purpose of compai-ison with the malignant cases, I have given the 
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figures for some of the innocent cases which I have examined. I have always 
estimated the quantities of free hydrochloric acid, active hydrochloric acid and 
mineral chlorides present in the gastric contents, and in another column I have 
set out the ratio between the active hydrochloric acid and the mineral chlorides, 
which ratio I find of assistance in making a diagnosis. 

Table I 


Determination by the Front Winter Method. HCl reckoned 
in grammes per 100 c.c. of gastric contents. 


Bo. 

Age. 

Diagnosis. 

Quantity 

recovered. 

Total acidity 
in grammes of 
if Cl per 

100 c.c. 

Free 

HCl. 

‘Active ’ HCl 
composed of 
free HCl and 
protein HCl. 

Mineral salts 
of HCl 
reckoned as 
HCl. 

Hatio of 
active HCl 
to mineral 
saltsofHCl. 

Total 

chlorides. 

Lactic 

acid. 

1 

_35 

circa 

Gastric ulcer. 

Operation. 

Gastro-entero- 

stomy. 



trace 

0-153 

0-044 

347 ; 100 

0-197 


2 

40 

Duodenal ulcer. 

Operation. 

Gastro-entero- 

stomy. 


0.365 

0-062 . 

0-301 

0-155 

193:100 

0-456 

0 

3 

56 

Died after a per- 
foration. P.M. 
Duodenal ulcer. 

— 

— 

0-029 

0-229 

0-083 

275 ; 100 

0-312 


4 

39 

P.M. Duodenal 
ulcer, adherent to 
everything near. 
Section, inflam- 
matory. 



0044 

0-294 

0-090 

327:100 

0-384 


5 

53 

P.M. Gastric 
ulcer, adherent 
to everything 
near. Section, 
inflammatoiy. 



0-029 

0-237 

0-098 

241 : 100 

0-335 


6 

33 

Gastric ulcer. 

Operation. 
Gastro- entero- 
stomy. 



0-058 

0-209 

0-105 

200:100 

0-314 


7 

40 

Ulcer on lesser 
curvature of 
stomach. Opera- 
tion. Section, in- 
flammatory. 



0-030 

0-215 

0-201 

107 : 100 

0-416 

0 

8 

39 

Old gastric ulcer. 

— 

— 

0-025 

0-248 

0-080 

310:100 

0-328 

0 

9 

48 

? Duodenal ulcer. 

— 

0-225 

0-040 

0-174 

0-119 

146:100 

0-293 

0 

10 

49 

Severe haema- 
temesis and 
melaena. 

180 c.c. 

“ 

0-080 

0-410 

0-090 

455:100 

0-500 

0 

11 

48 

Duodenal ulcer. 

160 c.c. 

— 

0 

0-134 

0-116 

115:100 

0-250 

~ 


Operation. Severe 
melaena. 

Notes.— 2. The mineral chlorides are much increased. ? Regurgitation of alkaline fluid from duodenum. 
5. Blood in test meal. 7. The mineral chlorides are much increased. ? Regurgitation of alkaline fluid from 

duodenum. 9. Occult blood in faeces. 10. Removed after 2 hours. 11. Test meal when veiy anaemic. 
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Table I {continued) 


No. 

Age. 

Diagnosis. 

Quantity 

recovered. 

Total acidity 
in grammes of 
HCl per 

100 c.c. 

Free 

HCI. 

‘ Active * HCl 
composed of 
free HCl and 
protein HOI. 

Mineral salts 
of HCl 
reckoned as 
HCl. 

Ratio of 
active HCl 
to mineral 
salts of HCl. 

Total 

chlorides. 

Lactic 

acid. 

12 


Vomiting. ? Ulcer. 

— 

0-335 

0-040 

0-285 

0-116 

245 : 100 

0-401 

— 

13 

39 

? Ulcer. 

250 c.c. 


0-105 

0-291 

0-077 

377 : 100 

0-368 

— 

14 

23 

Hypercblor- 
hydria. Opera- 
tion. Nil found. 

— 

0-325 

0-051 

0-346 

0-076 

455 : 100 

0-422 

— 

15 

50 

Hyperchlor- 

hydria. 

180 c.c. 

— 

0-140 

0-365 

0-065 

561 : 100 

0-430 

— 

16 

— 

? Hyperchlor- 
hydria. ? Ulcer. 

420 c.c. 

0-219 

0-050 

0-225 

0-085 

264:100 

0-310 

— 

17 

35 

Pyloric obstruc- 
tion. Operation. 
Scar of ulcer. 
Gastro-entero- 
stomy. Quite well 
2 years after. 


0-175 

0-086 

0-182 

0-094 

193:100 

0-276 

0 

18 

43 

Dilated stomach. 
Improved. 

— 

0-273 

0-024 

0-164 

0-102 

160 : 100 

0-266 

+ 

19 

53 

Pyloiic obstnic- 
tion. Operation. 
Scar tissue at 
pylorus and 
omental adhe- 
sion. Gastro- 
enterostomy. 



trace 

0-127 

0-117 

108 : 100 

0-244 


20 

48 

Pyloric obstruc- 
tion. Scar of old 
ulcer. Gastro- 
enterostomj". 

250 c.c. 


trace 

0-148 

0-100 

148 : 100 

0-248 






Average 

0-04 

0-236 

0-099 

236:100 

0-335 



Note. — 18. Removed after half an hour. 


The general characteristics of the cases shown in this table are : — 

(1) The presence of a fair amount of free hydrochloric acid. 

(2) The presence of a good deal of active hydrochloric acid. 

(3) The presence of mineral chlorides in small quantities. 

(4) The high ratio between the active acid and the mineral chlorides. 

All the cases conform to the same general type except Case 11, which had 
recently had a great deal of malaena and was very anaemic. An examination of 
the figures fails to show any marked difierence between the cases of ulcer and 
uncomplicated hyperchlorhydria. In both these conditions the acid secretion is 
high, and this diSerentiates them from the other groups of cases. But the 
differential diagnosis must be made by a careful consideration of the history, 
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physical signs, and progress of the case. The cases of dilated stomach, due 
to scars or adhesion, all show a fairly high active acid to mineral chloride ratio 
and form a striking contrast to those due to carcinoma of the pylorus. 

Table H 


Determination by the Front Winter Method. HCl reckoned 
in grammes per 100 c.c. of gastric contents. 






Total acidity 


* Active ’ HCl 

Mineral salts 

Eatio of 



No. 

Age. 

Diagnosis. 

Quantity 

in grammes of 
HCl per 

Free 

composed of 
free HCl and 

of HCl 

active HCl 

Total 

Lactic 

recovered. 

HCl. 

reckoned as 

to mineral 

chlorides. 

acid. 





100 c.c. 


protein HCl. 

HCl 

saltsofHCl. 



21 

24 

Dyspepsia. Im- 
proved on Salis- 

240 c.c. 

0-156 

0009 

0150 

0-082 

182:100 

0-232 

0 



bury diet. 









22 

24 

Dyspepsia. 

180 c.c. 

— 

0-022 

0-171 

0-124 

137:100 

0-295 

0 

23 

— 

Dyspepsia. 

— 

— 

0 

0-197 

0-135 

145 : 100 

0-332 

— 

24 

50 

Dyspepsia and 



0-175 

0-033 

0-170 

0-065 

261 : 100 

0-235 

0 


circa 

Mucous colitis. 

Large 

Alkaline 

0 

0 

0-242 

0:100 

0242 

0 


dose of 


NaHCOa 
taken in 
night. 


25 

62 

Dyspepsia. — 

— 0 

0-113 

0-054 

209 : 100 

0-167 

— 

26 

52 

Dyspepsia. 160 c.c. 

circa 

— 0-0037 

0-202 

0-104 

194:100 

0-306 

0 

27 

28 

Dyspepsia. Water- 

added 

— 0-02 

0137 

0-091 

150:100 

0-228 

— 



Average excluding 24 (ii) and 27 

0-182 

0-094 

193 : 100 

0-256 



Notes. — 22 and 23. Mineral chlorides increased. ? Regurgitation from duodenum. 24 (i). Gastric lavage 
before test meal. 


The general characteristics of this class are : — 

(1) The diminution of the free hydrochloric acid. 

(2) The presence of a fair quantity of active hydrochloric acid. 

(3) The presence of mineral chlorides in small quantity, 

(4) The comparatively high ratio between the active acid and mineral 
chloride, this never declining below 137 : 100. 

All the patients tested had chronic dyspepsia which was of some years’ 
standing, and all improved on treatment. The gastric analysis is of importance 
as it practicaUj' excludes both gastric ulcer and malignant disease. 
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Table III 

Determination by the Front Winter Method. HCl reckoned 
in grammes per 100 c.c. of gastric contents. 


No. 

Age. 

Diagnosis. 

Quantity 

recovered. 

Total acidity 
in grammes of 
HCl per 

100 c.c. 

Free 

HCl. 

‘ Active ’ HCl 
composed of 
free HCl and 
protein HCL 

Mineral salts 
of HCl 
reckoned as 
HCl. 

Eatio of 
active HOI 
tto mineral 
salts of HOI 

Total 

chlorides. 

Lactic 

acid. 

28 

56 

Carcinoma of py- 
lorus. Large se- 
condary mass in 
liver. Died 

3 months later. 

180 C.c. 


trace 

0-175 

0-219 

80:100 

0-394 

+ 

29 

65 

Carcinoma of 
stomach. Died 

4 months later. 

150 c.c. 

— 

0-037 

0-135 

0-146 

92-4 : 100 

0-281 


30 

43 

Carcinoma of py- 
lorus. Ascites. 
Died 1 month 
later. 



0 

0-139 

0-196 

70: 100 

0-335 


31 

70 

Carcinoma of py- 
lorus. Lump felt. 
Died 4 months 
later. 



0 

0-074 

0-133 

55-6 : 100 

0-207 


32 

48 

Spheroidal-celled 
carcinoma of py- 
lorus. Operation. 

150 c.c. 
170 c.c. 

0-127 

0-13 

0 

0 

0-107 

0-080 

0-151 

0-164 

71 : 100 
50 : 100 

0-258 

0-244 

— 

33 

62 

? Carcinoma of 
stomach. Died 

9 months later. 

90 c.c. 
180 c.c. 

— 

0 

0 

0-069 

0-014 

0-084 

0-109 

82 : 100 
13 : 100 

0-153 

0-123 

— 

34 

59 

P.M. Spheroidal- 
celled carcinoma 
of pylorus. 

330 c.c. 

0-2 

0 

0-052 

0-171 

30-5 : 100 

0-225 

0 

35 

44 

Carcinoma of 
stomach. Secon- 
dary mass in liver. 

450 c.c. 

— 

0 

0-051 

0-200 

25 : 100 

0-251 

+ 

36 

38 

Carcinoma of 
stomach. Opera- 
tion. 

— 

— 

0-005 

0-045 

0-186 

24:100 

0-231 

— 

37 

61 

Carcinoma of py- 
lorus. Died 

6 months later. 

— 

— 

0 

0-040 

0-146 

27 : 100 

0-186 

— 

38 

59 

P.M. Carcinoma 
of oesophagus and 
stomach. Meta- 
stases in liver, 
spleen, and 
pancreas. 

— 

— 

0 

0-015 

0-156 

10 : 100 

0-171 


39 

50 

Carcinoma of 
stomach. Opera- 
tion. 

— 

— 

0-007 

0-015 

0-145 

10:100 

0-160 


40 

39 

Carcinoma of 




0 

0-013 

0-206 

6-3 :100 

0-219 

— 


pylorus. Opera- 
tion. Died 
3 months later. 

Notes. — 28. Blood in test meal. 32 (i). Oppler Boas bacillus. 32 (ii). Opplcr Boas baci 

34. Oppler Boas bacillus. 35. Oppler Boas bacillus. 
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Table III {contimied) 


No. 

Age. 

Diagnosis. 

Total acidity 
Quantity in grammes of 
recovered. HCl per 

100 C.C. 

Free 

HCL 

•Active* HCl 
composed of 
free HCl and 
protein HCl. 

Mineral salts 
ofHCl 
reckoned as 
HCl. 

Ratio of 
active HCl 
to mineral 
salts OfHCl. 

Total 

chlorides. 

Lactic 

acid. 

41 

42 

Carcinoma of 
stomach and duo- 
denum. Opera- 
tion. 


0 

0-014 

0-101 

13-8 : 100 

0-115 

+ 

42 

58 

Carcinoma of py- 
lorus. Operation. 

— — 

0 

0-010 

0-170 

5-8:100 

0-180 

— 

43 

61 

Carcinoma of 
stomach. Opera- 
tion. 

200 c.c. — 

0 

0-018 

0-131 

13-7 : 100 

0-149 

— 

44 

57 

Carcinoma of py- 
lorus. Operation. 

480 c.c. 

0 

0-009 

0-129 

7:100 

0-138 

— 

45 

— 

Carcinoma of 
stomach. Opera- 
tion. 



0 

0-007 

0-175 

4:100 

0-182 

— 

46 

52 

Carcinoma of py- 
lorus. Operation. 
Spheroidal-celled 
carcinoma. 


0 

0-003 

0-082 

3:100 

0-085 


47 

50 

Carcinoma of 
stomach. Opera- 
tion. 



0 

0-036 

0-044 

82 : 100 

0-080 

— 

48 

42 

Carcinoma of 
stomach. Opera- 
tion. 

— - — 

0 

0-018 

0-079 

23 : 100 

0-097 

— 

49 

42 

Pylorus ob- 

— 0-16 

0 

0-040 

0-058 

70:100 

0098 

0 


structed. Opera- 
tion. Stomacli 
wall very thick. 

?Carcinonia. Piece 
of mucous mem- 
brane removed in 
gastro-entero- 
stomy. Showed 
only inflamma- 
tion. 

Average 0-052 0-145 35-9:100 0-197 

Notes. — 43. Blood in test meal. 44. Oppler Boas bacillus. Anaerobic Gram -f bacillus. 4G. Oppler 
Boas bacillus. Water added to test meal. 

The general characteristics of the cases shown in this table are : — 

1. The diminution or complete absence of free hydrochloric acid. 

2. The marked diminution of the active hydrochloric acid in nearly, 
every case. 

3. The presence of an absolute increase in the quantity of mineral chlorides 
in nearly every case. 

4. The low ratio between the active acid and mineral chlorides, this ratio 
never exceeding 92-4 : 100. 
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Every case with these changes either has been proved to have malignant 
disease or is still under grave suspicion of having that disease. 

I have found the comparison of the quantity of active acid with that of the 
mineral chlorides of great assistance in making a diagnosis. This relation 
is conveniently expressed as a ratio between the active acid and mineral 
chlorides, e. g. as x\ 100. Cases of gastric ulcer, hyperchlorhydria, dilation 
of the stomach due to scars or adhesion, all have a high ratio, e. g. 236 : 100. 
Cases of dyspepsia or chronic gastritis have a lower ratio, e. g. 193 : 100. 
But cases of carcinoma of the stomach all have a ratio of less than 93 : 100, and 
the ratio varies from this figure down to 10 : 100 or lower. Cases 28, 29, 
30 in this series had over 0-13 grm. of active acid per 100 c.c., but as the 
mineral chlorides were higher than this figure, and as the ratio varied from 
93 : 100 to 71 ; 100, a diagnosis of carcinoma of the stomach was made. Un- 
fortunately none of these three cases have been pi-oved, by microscopical section, 
to have carcinoma, but the clinical picture and the rapid course of the disease 
make it almost certain that the diagnosis was coiTect. 

Table IV contains eight cases ; one of these has been proved to have 
a spheroidal-ceUed carcinoma of the pylorus ; four patients are still thought to 
have carcinoma of the stomach ; two patients were originally thought to have 
carcinoma, but them subsequent histories practically disprove this diagnosis ; 
another patient who was thought to have carcinoma of the stomach at the 
operation has been proved by autopsy to have had a chronic inflammatory 
ulcer of the stomach, together with an infiltration of one kidney and many 
glands with a spheroidal-celled carcinoma. None of these cases show the usual 
clinical changes of carcinoma in their gastric contents. Hence one case, which 
has been proved to have carcinoma, out of twenty-three cannot be diagnosed by 
the gastric analysis, and if we accept the diagnosis of carcinoma in all the other 
four cases, five cases out of twenty-seven do not show the usual chemical changes. 

Willcox has never seen a patient with plenty of active acid in the 
gastric contents who was proved to have carcinoma of the stomach. Several 
cases have been in dispute, but whenever an opportunity of settling the diagnosis 
has occurred, an innocent ulcer with an inflammatory thickening around it 
has been found. Reissner, who published eighteen cases of carcinoma of the 
stomach, records one case of proved and two of probable carcinoma where the 
gastric analysis was against that diagnosis. 

These figm-es show that every case of carcinoma of the stomach does not 
have low active acid, high mineral chlorides, and a low ratio. Three of these 
cases, Nos. 50, 51, 52, while they have very high active acid, also have high 
mineral chlorides with ratios of 128, 150, and 110 : 100 respectively. The 
mineral chloi'ides here are pariicularly high and contrast strongly with the 
lowness of the mineral chlorides in the innocent cases and resemble the figures 
for the carcinoma cases. As I have already shown, three of the carcinoma 
cases. Nos. 28, 29, 30, have a good deal of active acid and would formerly 
have been diagnosed as innocent cases on this account. 
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TabiiE IV 


Determination by the Front Winter Method. HCl rechoned 
in grammes per 100 c.c. of gastric contents. 


No. 

Age. 

Diagnosis. 

Quantity 

recovered. 

Total acidity 
in crammes of 
per 

100 C.C. 

Free 

HCI. 

‘Active’ HCl 
composed of 
free HCl and 
protein HCl 

Mineral s.alts 
of HCl 
reckoned as 
HCl. 

Ratio of 
active HCl 
to mineral 
salts ofHCl 

Total 

cliloridcs. 

Lactic 

acid. 

50 

39 

Carcinoma of py- 


0-219 

0-033 

0-195 

0-152 

128 : 100 

0-347 

0 


loms. Operation. 

Section, sphe- 
roidal-celled car- 


cinoma. 

51 — Carcinoma of — » — 0-033 0-241 0-160 150:100 0-401 — 

stomach. Opera- 
tion. Has put on 
weigh t for 6 months. 

Now getting 
thinner again. 

52 36 Carcinoma of py- — — 0-022 0-165 0-149 110:100 0-314 0 

lorus. Operation. 

Glands along 
spine. 

53 44 Operation. — — 0-112 0-285 0-123 231:100 0-408 - 

Stomach thick- 
ened throughout, 
especially at py- 
lorus, where it was 
nodular. Wall 
oedematous 
throughout. Prob- 
ably carcinoma. 


54 

56 

Abdominal tu- 
mour. Alive and 

— 

— 

0-01 

0-08 

0-04 

200:100 

0-12 



fat 1 year later. 








55 

55 

Operation. 
Stomach thick- 

(1) - 

— 

0-058 

0-226 

0-131 

174:100 

0-357 



ened, and ad- 
herent to liver. 

(2)- 

— 

0 

0-145 

0-079 

181 : 100 

0-224 

56 

40 

Hard mass on 
lesser curvature. 
Glands in lesser 

160 c.c. 

— 

0 

0-271 

0-094 

288:100 

0-365 


omentum. Secon- 
dary nodules in 
liver. Still alive 2 
years later. Condi- 
tion unaltered. 

57 59 Autop.sy. Dicer of — — 0-021 0-205 0-069 300 : 100 0-274 — 

stomach. Section, 
inflammatory. Lym- 
phatic glands ad- 
herent to stomach. 

Section, inflam- 
matory. Nodule 
in one kidney. 

Bronchial and 
lumbar glands. 

Section, sphe- 
roidal-celled car- 
cinoma. 

Notes.— -51. Probably carcinoma. 54. Not carcinoma. 55. ? Carcinoma. 56. Innocent. Ga.stric. 57. Dicer. 
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If the hypothesis which I shall discuss later on in this paper, that the 
diminution of the active acid is due to a neutralization hy an alkali, he true, 
then the increase of the mineral chlorides may be the first sign that a carcinoma 
is growing in the stomach. If this is correct the increase of the minei'al 
chlorides, if confirmed, in Case 50 and perhaps in Cases 51, 52, 53, would 
have been in favour of a diagnosis of carcinoma. Hence when the mineral 
chlorides are increased, if this is confirmed by a test meal repeated with special 
precautions, the diagnosis of carcinoma cannot be excluded. An exploratory 
laparotomy seems advisable in these cases, as the changes may be the signs 
either of an early carcinoma or of one which has not yet begun to ulcerate. 

Table Y 

Determination by the Front Winter Method. HCl reckoned 
in grammes per 100 c.c. of gastric contents. 


Ho. 

Age. 

Diagnosis.* 

Quantity 

recovered. 

Total acidity 
in grammes of 
HCl per 

100 c.c. 

Free 

HCl. 

* Active * HCl 
composed of 
free HCl and 
protein HCL 

Mineral salts 
of HCl 
reckoned as 
HCL 

Batio of 
active HCl 
to mineral 
salts of HOI. 

Total 

chlorides. 

Lactis 

acid. 

58 

30 

? Gastric crisis. 

— 

— 

0-110 

0-252 

0-131 


0-383 

— 

59 

32 

Gastro-entero- 
stomy 2 years 
before. 

— 

— 

0-083 

0-219 

0-178 

100:81 

0-39 

— 

60 

35 

Operation. Scar 
at pylorus. Gastro- 
enterostomy. Im- 
proving. 



0 

0-037 

0-233 

100:740 

0-270 


61 

56 

Operation. No- 
thing abnormal. 

— 

— 

0 

0-110 

0-197 

100: 179 

0-303 

— 

62 

20 

Oijeration. Duo- 
denal ulcer. 

— 

— 

0 

0-05 

0-199 

100:398 

0-249 

— 

24 


Gastritis. 

— 

Alkaline 

0 

0 

0-242 



0-242 

— 


Notes. — 58. Free iodine in gastric contents. Potassium iodide as medicine. 59. Probable regurgita- 

tion of alkalies through gastro-enterostomy opening. 60, 61, and 62. Mineral chlorides high. ?Begurgitahon 
from duodenum. 24. Table II. Large dose of NaHC 03 taken in night before test meal. 


Table V includes several cases where the active acid was low and the 
mineral chlorides were very high. In two cases no sign of carcinoma was 
observed at the time of operation. Reissner i-ecords three cases in which this 
also occurred. Clowes and Jeficott also noticed this. 

This condition may be accounted for in three ways : — (1) A dose of sodium 
bicarbonate maj'' have been given by accident before the test meal was given. 
This would of coui’se neutralize some of the acid. This actually’’ occuri'ed in 
Case 24, who was under my personal observation, and a second test meal, repeated 
with precautions, gave very different figures. In Case 58 the highness of the 
figures aroused suspicion, and, on testing, free iodine was found in the gastnc 
contents. Tliis patient was taking potassium iodide as a medicine, which 
accounts for the result obtained. (2) A regurgitation of the alkaline secretions 
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of- the duodenum into the stomach may occur. If this has taken place, bile 
pigments will be present in the gastric contents. Reissner records one case 
in which he detected bile pigment, von Tabora states that in some cases 
of severe chronic gastritis or carcinoma of the lesser curvature which have 
been examined at operations, the pylorus has been found to be open. (3) In 
Reissner’s three cases the filtration took several hours owing to the presence 
of a great deal of mucus, and he suggested that neutralization took place 
during this process. 

These cases emphasize the importance of giving the test meal in a perfectly 
uniform way if any reliance is to be placed on the values for the mineral 
chlorides. The test meal should be repeated with special precautions against 
accidental en'or whenever the mineral chlorides are increased. I regret that this 
has not been done in most of the cases in this series, but I have only recently 
seen the great importance of this step. 

III. Discussion of results. 

Four hypotheses have been suggested to account for the diminution of the 
hydrochloric acid ; local ulceration, chronic gastritis, general condition (Moore), 
and neutralization. 

1. Local Ulceration. If the cardiac end of the stomach is largely involved 
by carcinoma, the oxyntic cells wifi, be afiected or destroyed and will no longer 
be capable of secreting hydrochloric acid. But a growth at the pyloric end of 
the stomach causing obstruction and dilatation cannot directly affect the 
secretion of the oxyntic cells at the cardiac end of the stomach. 

3. Chronic Gastritis. Rosenheim (18), who examined the stomachs of 
carcinoma cases after death, has found a marked atrophy of the mucous 
membrane with disappearance of its glands. This condition was most marked 
near the growth, but decreased in intensity as the distance from the gi’owth 
increased. Hammerschlag has also found a severe gastritis around the new 
growths which have been removed by operation. This condition must cause 
a diminished secretion of gastric juice, but this change can only come on 
gradually. The increased amount of mineral chlorides which is usually found 
cannot be explained on this hypothesis, von Tabora, howevei", has found that 
in cases of carcinoma of the lesser curvature the gastritis is very well marked, 
and that in these cases the total chlorides are much decreased. Cases 47-49 
in this series certainly show great diminution of the total chlorides, but the 
mineral chlorides are greater than the active acid. Hence a severe gastritis 
must be considered as the cause of the diminution of the acid in some cases. 

3. General Condition. Moore has put forward the view that the diminution 
or absence of free hydrochloric acid in the gastric contents is not due to the 
local action of the malignant growth, but to a general condition set up in 
the body by the growth, and that cai-cinoma elsewhere in the body could 
produce the same effect. This view cannot be accepted for two reasons : first, 

[(J. J. M., April, igu.) Z 
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tLat the methyl acetate method used by Moore estimates the hydrochloric acid 
•which is actuaUy free, and, as I have shown, cannot estimate the amo'unt 
of hydrochloric acid which has been secreted and is in active work in the 
stomach. Secondly, Copeman and Hake, who estimated the active acid by the 
Mai-tius Luttke method, in fourteen cases of carcinoma elsewhere in the body 
always found a large amount of active acid ; although the free acid, as estimated 
by the methyl acetate method, was often low. They have come to the conclusion 
that a diagnosis of carcinoma elsewhere in the body cannot be made from 
the analysis of the gastric contents ; and consequently the diminution of the 
active acid cannot be accounted for by general conditions set up by a carcinoma. 

4. ITmtralizcdion. The increase of the mineral chlorides relative to the 
active acid is clearly shown by my series of cases, but the proof that it is 
an absolute increase is not so easy. A relative increase can be accounted for by 
a greater concentration of the gastiic contents, which would give a higher figure 
for both the mineral chlorides and active acid. I have taken the following six 
cases from my series where the quantity had been measured. 

Innocent Gases. 



Quantity 

Mineral salts 

Ratio of active acid 


removed. 

ofHCL 

to mineral chlorides. 

Case 10 . 

180 c.c. 

0-09 gramme per 100 c.c. 

455 : 100 

Case 15 . 

180 „ 

0-06 

561:100 

Case 16 . 

420 „ 

0-085 „ 

264:100 



Malignant Gases. 


Case 28 . 

180 c.c. 

0-219 gramme per 100 c.c. 

80 : 100 

Case 34 . 

3.30 „ 

0-171 „ 

30-5:100 

Case 35 . 

450 „ 

0-20 

25:100 


These figures show that in an equal quantity of gastric contents recovered, 
the mineral chlorides in innocent cases are low and the active acid to mineral 
chloride ratio is greater than 100 ; 100, in malignant cases the chlorides are two 
or three times as high and the ratio is less than 100 : 100. 

They also show that the increase of the chlorides is an absolute one. The 
increase of the mineral chlorides may be caused in two ways : — ^by an increased 
secretion of the mineral salts in the gastric juice instead of free hydrochloric 
acid ; or by the neutralization of the free acid by an alkaline fluid. 

Schmidt's analysis of the pure gastric juice of a dog, whose salivary 
ducts had been ligatured, showed that mineral chlorides were secreted in it. 
Reissner (1. c.) has confirmed this statement. 

There is no direct evidence against the hypothesis that mineral chlorides are 
secreted in increased quantities instead of free hydrochloric acid in cases of 
carcinoma of the stomach. But several experiments point to neutralization as 
being the more probable of the two causes. A comparison of the average amounts 
of active acid, mineral chlorides, and total chlorides in Tables I-III which are 
given in this paper throws some light on this point. 
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Averages. 


Active HCL Mineral salts of HCl. 


Total chlorides. 


Table I . 
Table 11 . 
Table III 


0-236 

0-182 

0-052 


0-099 0-335 gramme per 100 c.c. 

0-094 0-256 

0-145 0-197 


This table shows that the average amount of active acid in Table I is 0-184 
grm. higher than that in Table IH, but the total chlorides in Table I are only 
0-138 grm. higher than those in Table III. Also the average amount of active 
acid in Table II is 0-130 grm. higher than in Table III, while the total chlorides 
are only 0-059 gnn. higher. Hence in carcinoma the total chlorides are 
decreased, but the active acid is much more decreased, while the mineral 
chlorides are increased. This condition may be explained by supposing that 
the acid secreted in the free state is neutralized at once by an alkaline fluid. 

The I'esults of the two test meals in Case 24 illustrate the change which may 
take place. 



Reaction. 

Active 

Mineral 

Total 


HCl. 

salts of HCl. 

chlorides. 

(i) Large dose of sodium bicarbonate 





taken in the night. 

Test meal at 9-0 a.m. 

Alkaline 

0 

0-242 

0-242 

(ii) Stomach washed out before the 1 
test meal. ) 

Acid ) 
Free HCl } 

0-170 

0-065 

0-235 


In the first case the stomach contained an alkaline fluid which neutralized 
all the acid secreted for digestion. In the second case free and active acids were 
present and the mineral chlorides were low. The total chlorides secreted, after 
one hour, are almost identical in the two cases. 

Willcox has examined several cases both before and after a gastro- 
enterostomy had been performed. He found that the active hydrochloric acid, 
which had been present before the operation, was afterwards either absent or 
reduced in quantity. Case 59 in my series, which had had a gastroenterostomy 
performed two years before, had very high mineral chlorides besides plenty of 
active acid in the gastric contents. In these cases a regurgitation of the alkaline 
contents of the duodenum must take place and partially or wholly neutralize 
the free acid. 

Honigmann and von Noorden (8) showed that the addition of free hydro- 
chloric acid to the gastric contents of a carcinoma case liberated lactic acid. 
Honigmann (9) showed that the addition of hj'drochloric acid to the gastric 
contents of a carcinoma patient caused an increase in the amount of mineral 
chlorides. These two experiments show that lactic acid or another weak 
organic acid must have been present as a .salt- 

Eeissner (16) ev^aporated the gastric contents to diyness, incinerated and 
extracted the ash with water. The solution was either acid or neuti-al in 
innocent cases, but alkaline in many of the malignant ones. Tlie alkalinity, he 
thinks, is caused by the presence of salts of organic acids in the gastric contents. 
These organic salts decompose on evaporation and incineration, forming .sodium 

z 2 
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carbonate and organic matter. The latter is vaporized, but the sodium carbonate 
is left behind in the ash and gives the alkaline reaction to the vratery extract. 
This was confirmed independently by Emerson. 

Lactic acid is not secreted by the stomach, but is formed by the action of 
micro-organisms (like the lactic acid bacillus) on carbohydrates, in the absence 
of hydrochloric acid. The acid produced will be in the free state. Hence if the 
lactic acid is present as a salt in the gastric contents it must have been neutra- 
lized by some alkali. These experiments all point to the probability of the 
presence of an alkaline fluid in the stomach of carcinoma cases. This alkaline 
fluid would have a greater avidity than the proteins of the food for the acid, and 
consequently very little acid will remain to aid digestion and check the growth 
of bacteria. 

The alkaline fluid may come from various sources: — from alkalies in the 
medicine ; this is avoided by careful methods. From regurgitation from the 
duodenum ; this is impossible in cases of pyloric obstruction. From the mucus ; 
this does not occur in the innocent cases. From blood present in the stomach ; 
this is rarely present in sufiicient quantity. And finally from an ulcer. 

An innocent ulcer does not secrete alkalies, as in these cases a large amount 
of active acid is present but only a small quantity of mineral chlorides. The 
alkaline fluid may come from the malignant growth which has begun to ulcei’ate, 
and Reissner records one case where a tumour could be felt in the abdomen 
when the active acid was high and the mineral chlorides were low. While under 
observation, a complete inversion of this relation suddenly took place. This 
could be accounted for if the growth had begun to ulcerate and break down. 

Reissner states that when the carcinoma is removed by operation, the 
hydrochloric acid is at once found in the gastric contents, thus showing that the 
alkaline fluid is no longer present to neutralize the acid. Emerson has tested 
the juice from a freshly removed carcinoma of the stomach and found that 
it was capable of neutralizing acids. Emerson has performed some experiments 
which suggest that the alkaline fluid is formed by an autolytic ferment which 
exists in the carcinoma. 


Conclusions. 

1. Carcinoma of the stomach causes definite changes in the amount of 
active acid and mineral chlorides present in the gastric contents. 

2. The increase in the mineral chlorides may be an earlier sign of carcinoma 
than the diminution of the active acid. 

3. These changes can be observed in the great majority of cases. 

4. This condition can be accounted for by the secretion of an alkaline fluid 
in the stomach, which neutralizes the acid. 

5. The alkaline fluid is most probably secreted by a malignant growth 
which has begun to ulcerate. 
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Part of this paper was originally written as a thesis for the M.D. Degree of 
Cambi’idge University. 

I am indebted to Dr. Herringham for much assistance ; to Dr. Hurtley for 
much help with the chemistry ; to Dr. Priestley for permission to use the figures 
of his cases ; and to all those physicians and surgeons, both at St. Bai'tholomew’s 
Hospital and at the West London Hospital, who have allowed me to examine 
their patients. 
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THE INFLUENCE OF SALICYLATES ON THE CAEUIAC 

LESIONS OF CHOEEA 

By E. A. COCKAYNE 

Choeea appears to do no permanent harm to the brain, though by its long 
continuance or frequent recurrence it may seriously interfere -with education. 
The movements produced by it may, however, throw a strain on a heart greatly 
weakened by coincident carditis, and it is in preventing this that the chief value 
of hypnotics lies. 

From their efficacy in relieving the distressing joint pains and lowering the 
temperature in the acute attack of rheumatic fevei', a belief has arisen that 
the salicylate compounds are a specific against the rheumatic organism, and 
that they have therefore the power of preventing the onset of carditis, or, if 
already present, of checking its further progress. If they have this action, they 
should be used in every case of chorea, either alone or in conjunction with sgme 
sedative. If they have no such influence, their use should be restricted to those 
cases in which there is some additional trouble, such as tonsilitis or arthritis, 
since in the doses usually given they have little or no action on the mental 
or motor phenomena of chorea. 

At Dr. Garrod’s suggestion I have recently examined the records of 780 
cases of chorea, treated during the last eight years in the wards of the Hospital 
for Sick Children, Great Ormond Street, and have attempted to discover whether 
salicylates really have this power ; and desii’e to thank the other members of the 
Staff for their kindness in permitting me to examine and use the records of 
cases under their care. Originally I intended to pick out those cases in which 
there was clinical evidence of the onset of endocarditis, myocarditis, or peri- 
carditis whilst in the hospital, and to compare the number of such cases under 
treatment vdth salicylates with that of those under other treatment. The small 
number of the cases in which such an event definitely occun-ed compelled me 
to include those in which there was evidence of a fresh lighting-up of acute 
rheumatic processes in the heart. The cases chosen are strictly’' comparable in 
other respects, having been at rest in bed and under the same general treatment 
with regard to food and nursing. 

For convenience I have divided them up into four groups. In the first 
(Table I) I have collected those cases in which there was no systolic murmur at 
the apex on admission to hospital, but in which one developed, either temporarily 
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or remaining still present on discharge from hospital. In some of these the 
murmur may have been present on admission, but remained undetected owing 
to the violence of the choreic movements. In others the heart may have been 
acting very feebly at first, and the murmur have developed without actual 
increase in the cardiac inflammation. The error due to these causes will have 
occurred equally in cases treated with or without salicylates, and so is unlikely 
to have vitiated the result. 

A further subdivision has been made into cases in -which the area of cardiac 
dullness (1) was decreased or not increased, (2) was not noted, or (3) was 
increased at the time of appearance of the murmur. In this group 22 cases 
are included, of which 14 were taking no salicylates, and 6 were under treat- 
ment with salicylates. It is difficult to say in how many the murmur was 
endocardial, but probably in most it was due to a temporary incompetence 
of the mitral orifice, caused by myocardial changes. 

In the second group (Table II) are included the cases in which a mid- 
diastolic murmur appeared in addition to the apical systolic murmur, and in 
which neither a reduplicated second sound at the apex nor a mid-diastolic 
murmur had been heard within four days of admission to the hospital. The 
meaning of this triple sound limited to the apex is still rather obscure. 
The added sound may resemble the second sound, which appears to be redupli- 
cated, or may be more commonly a definite murmur usually mid-diastolic in 
time, occasionally early diastolic oi' presystolic, but always soft and diminishing 
in intensity as it disappears, contrasting in these respects with the presystolic 
mm’mur of true mitral stenosis. Coombs {Quarterly Journal of Medicine, vol. ii. 
No. 5) is probably correct in considering it due to dilatation of the left ventricle 
caused by myocarditis, of which it may be an early sign, and he is supported by 
post-mortem observations. I have therefoi'e considered all ’these cases as evidence 
of an increase of myocardial and not valvular inflammation. Of these cases 
there are 17, 8 treated without and 9 with sah'cylates. 

My third group (Table IV) includes other cases of progressive myocarditis, 
in which the physical signs were more varied and are given in greater detail. 
In this group of 21 cases, 11 were treated with and 10 without salicylates. In 
the fourth group (Table V) are cases in which endocarditis appeared or pro- 
gressed, or pericarditis supervened. It consists of 19 cases, 7 treated vrithout 
and 12 with salicylates. In the last two tables additional columns show how 
long after treatment was the onset of fresh carditis, and any other rheumatic 
manifestation which appeared. 

On adding together aU the cases I obtain a total of 77, of which 39 were 
not treated, and 38 were treated with salicylates. Of the 780 cases, from which 
these were picked, 355 were given salicylates and 425 received other treatment : 
156 cases received doses below 60 grs. a day, 95 between 60 and 100 grs., 
60 between 100 and 200 grs., 19 between 200 and 300, and 8 doses of more than 
300 grs. a day, and the remaining cases were treated wdth aspu-in. If the drug 
has no effect the numbers showing cardiac change should be in the proportion of 
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39 untreated to 33 treated -svitli salicylates, and the actual numbers obtained are 
so near these that the disparity can have no sigmficance. 

It might he thought that the larger doses -would have had more effect 
in preventing the progress of the cardiac trouble, but the statistics do not 
suggest that the size of the dose has any such effect. 

Lees states {BHt. Med. Journ., 1909, i. 146) that very large doses, 300- 
400 grs. a day, have a most marked effect on the chorea and carditis, but too few 
cases -were treated in this -way for their effect to be shown in these statistics, 
and the remarks in this paper apply only to the more ordinary doses, up to 
300 grs. a day. The salicylates were given in the form of sodium salicylate 
combined with about double the amount of sodium bicarbonate, except in the 
few cases where aspirin was administered. 

To sum up my results : the organisms of rheumatism were probably present 
in the myocardium, endocardium, or pericardium in these cases, and the sali- 
cylates (in the doses usually given) appear to have had no action in preventing 
their entrance into the heart, nor in stopping their further activity when once 
established there. This is confirmed by their inability to check the continuance 
of that low intermittent fever, -with its daily or almost daily rise usually to 
some point between 99 and 100° F., so characteristic of rheumatic infections in 
childhood. 

The fact that they do not prevent the formation of subcutaneous nodules, 
and that they have no action on choreic movements, which is probably due to 
toxins elaborated by organisms lying near the blood-vessels of the cerebrum, 
and poisoning the nerve cells in their -vicinity, would lead one to expect by 
analogy that they would have no action in the similar conditions found in the 
heart, and my results seem to show that this is the case. 


Table I. Systolic mAirmvy)' localized to apex appeared- 


Cardiac Dullness. 

No 

Salicylate. 

Sod. Sal. under 
60 grs. per 
diem. 

Sod. Sal. 60- 
100 grs. per 
diem. 

Sod. Sal. over 
100 grs. j)er 
diem. 

Aspirin. 

Not increased. 

3 

3 




Not noted. 

7 


1 



Increased. 

4 



1 

1 

Total . 

14 

3 

1 

1 

1 


14 


6 



Table IL Mid-diastolic murmur developed 

in "WaA'd. 



No 

Salicylate. 

Sod. Sal. under 
60 grs. per 
diem. 

Sod. Sal. 60- 
100 per 

diem. 

Sod. Sal. over 
100 grs. per 
diem. 

Aspirin. 

Total 

8 

3 

3 

2 

1 
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Table HI. All Cases. 


Total no. of Cases. 


Dose under 60 
grs. Sod. Sal. 
or Aspirin per 
diem. 

163 


Sod. Sal. 60-100 

grs. per diem, 
95 


Sod. Sal. 100- 
200 gfrs. per 
diem. 

61 


Sod. Sal. 200- 
300 grs. and 
over per diem. 

26 


Cases developing 
cardiac change. 

17 

9 

7 

Percentage developing 
cardiac change. 

104% 

94% 

114% 


5 

19-2% 


Total developing cardiac changes (with no sod. sal.) 39 (94 %). 

,, „ „ „ (treated with sod. sal.) 38 (10-7 %), 


Table IV {Myocarditis). 

Case 1. Age 7. Cardiac change ; Mid-diastolic murmur developed ; no systolic murmur 
present. Other manifestations : Erythema exudativum. Salicylates: none. 

Case 2. Age 8, Cardiac change : Mid-diastolic murmur appeared with thrill ; systolic 
murmur on admission. Other manifestations : Erythema marginatum ; pyrexia 102° daily 
for 5 weeks. Salicylates: none. 

Case 3. Age 10. Cardiac change : Systolic murmur localized to apex ; area of cardiac 
dullness increased to R. and L. Time after treatment : 2 and 7 days. Other manifestations : 
Nodules ; pyrexia. Salicylates : 30 grs. iier diem. 

Case 4. Age 8. Cardiac change : Temporaiy systolic murmur localized to apex with 
increase of cardiac dullness to R. and L. ; dilatation increased even under doses of 100-150 grs. 
daily for 6 days, and 200-250 grs, for 5 days. Time after treatment: 4 days. Other 
manifestations ; Pyrexia 99-994°, unaffected by 5 weeks’ treatment with salicylates. Sali- 
cylates ; 40 to 300 grs. per diem. 

Case 5. Age 9. Cardiac change : Mid-diastolic murmur and area of cardiac dullness 
increased to R. and L. (natural on admission). Time after treatment: 6 days. Other 
manifestations ; Pyrexia 99° and over almost daily. Salicylates : 90 grs. per diem. 

Case 6. Age 5. Cardiac change: Mid-diastolic murmur with cantering rhythm and 
increased cardiac dilatation. Time after treatment : 4 days. Other manifestations : 
Nodules 13 days after treatment ; pyrexia 99-99*6° daily. Salicylates : 30 grs. jier diem. 

Case 7. Age 8. Cardiac change : Mid-diastolic murmur appeared with increased 
dilatation to R. ; death ; P.M. myocarditis and endocarditis of mitral valve. Other manifesta- 
tions : Pyrexia; extreme anaemia. Salicylates: none. 

Case 8. Age 8. Cardiac change: Area of cardiac dullness increased to R. and L. 
Time after treatment : 28 days. Other manifestations : Nodules. Salicylates: none. 

Case 9. Age 9. Cardiac change : Area of cardiac dullness increased to R. and L. ; 
accentuated and reduplicated second sound at pulmonary base ; no murmur. Time after treat- 
ment : 12 days. Salicylates : none. 

Case 10. Age 6. Cardiac change ; Mid-diastolic muimur developed ; area of cardiac 
dullness not noted. Time after treatment; 10 days. Other manifestations: Nodules; 
erythema marginatum ; pyrexia (intermittent) lOO-lOl" daily, not affected by the salicylates. 
Salicylates: 120 grs. per diem. 

Case 11. Age 8. Cardiac change; Area of cardiac dullness increased to R, and L. ; 
cardiac irregularity. Time after treatment: 6 days. Other manifestations: Nodules; 
arthritis ; pyrexia (intermittent) after 7 weeks of salicylate treatment. Salicylates : 40 to 
80 grs. per diem. 

Case 12. Age 4. Cardiac change : Cardiac dullness increased to L. ; prcsystolic murmur 
altered to mid-diastolic. Other manifestations : Pyrexia 3 weeks. Salicylates : none. 

Case 13. Age 8. Cardiac change ; Cardiac dullness increased to R. and L. Time after 
treatment : 120 days. Other manifestations : Nodules. Salicylates : none. 
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39 untreated to 33 treated with salicylates, and the actual numbers obtained are 
so near these that the disparity can have no significance. 

It might be thought that the larger doses would have had more effect 
in preventing the progi'ess of the cardiac trouble, but the statistics do not 
suggest that the size of the dose has any such effect. 

Lees states {BHt. Med. Journ., 1909, i. 146) that very large doses, 300- 
400 grs. a day, have a most marked effect on the chorea and carditis, but too few 
cases were treated in this way for theii’ effect to be shown in these statistics, 
and the remarks in this paper apply only to the more ordinary doses, up to 
300 grs. a day. The salicylates were given in the form of sodium salicylate 
combined with about double the amount of sodium bicarbonate, except in the 
few cases where aspirin was administered. 

To sum up my results : the organisms of rheumatism were probably present 
in the myocardium, endocardium, or pericardium in these cases, and the sali- 
cylates (in the doses usually given) appear to have had no action in preventing 
their entrance into the heart, nor in stopping their further activity when once 
established there. This is confirmed by their inability to check the continuance 
of that low intermittent fever, with its daily or almost daily rise usually to 
some point between 99 and 100° F., so characteristic of rheumatic infections in 
childhood. 

The fact that they do not prevent the formation of subcutaneous nodules, 
and that they have no action on choreic movements, which is probably due to 
toxins elaborated by organisms lying near the blood-vessels of the cerebrum, 
and poisoning the nei-ve cells in their vicinity, would lead one to expect by 
analogy that they would have no action in the similar conditions found in the 
heart, and my results seem to show that this is the case. 


Table I. Systolic murmur localized to apex appeared. 


Cardiac Dullness. 

No 

Salicylate. 

Sod. Sal. under 
60 grs. per 
diem. 

Sod. Sal. 60- 
100 grs. per 
diem. 

Sod. Sal. over 
100 grs. per 
diem. 

Aspirin, 

Not increased. 

3 

3 




Not noted. 

7 


1 



Increased. 

4 



I 

1 

Total . 

14 

3 

1 

1 

1 


14 





Table II. Mid-diaMolic murmur devdoped in Ward. 



No 

Salicylate. 

Sod. Sal. under 
60 OTs. per 
diem. 

Sod. Sal. 60- 
100 grs. j)er 
diem. 

Sod. Sal. over 
100 grs. per 
diem. 

Aspirin. 

Total 

8 

3 

3 

2 

1 


8 
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Case 28. Cardiac eliange : Area of cardiac dullness increased to R. and L. ; pericarditis ; 
death. Time after treatment : 16 days. Other manifestations : Chorea developed with 
pericarditis. Salicylates : none. 

Case 29. Age 9. Cardiac change : Pericarditis. Time after treatment : 11 days. 
Other manifestations : Erythema marginatum ; nodules 20 days after beginning treatment. 
Salicylates : 120 to 300 grs. per diem. 

Case 30. Age 8. Cardiac change : Area of cardiac dullness increased to R. ; localized 
became conducted systolic murmur. Time after treatment ; 18 days. Other manifestations : 
Intermittent fever. Salicylates : 20 grs. per diem. 

Case 31. Age 10. Cardiac change: Area of cardiac dullness increased to R. and L.; 
presystolic murmur became mid-diastolic ; pericarditis. Time after treatment : 6 days. 
Salicylates : 30 grs. per diem. 

Case 32. Age 4. Cardiac change: Area of cardiac dullness (natural on admission) 
became increased to R. and L. ; pericarditis. Time after treatment : 49 days. Salicylates : 
none. 

Case 33. Age 7. Cardiac change : Area of cardiac dullness increased to R. and L. ; 
alteration in character of systolic murmur ; heart became more irregular ; pericarditis and 
slight chorea 3 years later. Time after treatment : 49 days. Other manifestations : 
Nodules under first administration of sod. sal. ; intermittent pyrexia throughout illness, except 
for two attacks of continued fever 3 and 12 weeks after beginning treatment. Salicylates : 
120 grs. for 10 days, and 8 days later 120 to 180 grs. for 6 weeks. 

Case 34. Age 11. Cardiac change : Area of cardiac dullness increased to R. and L. ; 
occasional local systolic murmur became permanent and conducted. Time after treatment : 
11 days. Other manifestations : Pyrexia ; 97“ to 99° or 100° almost daily. Salicylates: none. 

Case 35. Age 8. Cardiac change : Area of cardiac dullness increased to L. ; slightly’ 
conducted became better conducted systolic murmur ; mid-diastolic murmur appeared. Time 
after treatment : 8 days. Other manifestations: Intermittent fever (99° F.) almost daily. 
Salicylates : 40. 

Case 36. Age 7. Cardiac change : Conducted systolic murmur appeared at apex (no 
murmur on admission) ; cardiac dullness not noted. Time after treatment : 2 days. Sali- 
cylates: none. 

Case 37. Age 10. Cardiac change : Cardiac dullness natural on admission ; ^stolic 
murmurbecame harsher; mid-diastolic murmur developed; heart became irregular; cardiac 
dullness increased to R. and L., beginning 9th day and progressing up to 2lBt day after 
admission ; peiicarditis 6 months before treatment by sod. sal. 60 grs. daily for 14 days ; T. 99° 
daily after this was stopped. Time after treatment : 9 days. Other manifestations : Inter- 
mittent fever 100.4-101° for first 14 days, then remaining high for 2 days ; T. raised during 
and after treatment by salicylates. Salicylates: 90 gi-s. per diem, beginning 9th day. 
Aspirin : 15 grs. for first 5 days. 

Case 38. Age 11. Cardiac change : Area of cardiac dullness increased ; presystolic and 
raid-diastolic murmurs alternating ; aortic systolic and diastolic murmurs developed. Other 
manifestations : Pyrexia. Salicylates : none. 

Case 39. Ago 11. Cardiac change : Increased cardiac dullness to R. and L. ; presystolic 
murmur changed to mid-diastolic ; aortic systolic and diastolic murmurs developed. Time 
after treatment: 17 days. Other manifestations: Nodules; continued fever for 17 days 
preceded and followed by intermittent fever. Salicylates : 30 to 60 grs. per diem. 

Case 40. Age 8. Cardiac change : Cardiac dullness increased to R. and L. progressing 
during next 10 days ; presystolic changed to mid-diastolic murmur; pericarditis. Time after 
treatment: 8 and 23 days. Other manifestations: Continued fever 9th-17th days, with 
intermittent pyrexia before and after. Salicylates: 40 grs. per diem, 4th to 15th day; 80, 
l-3rd day ; 60, 15-17th day. 

Sod. sal. 7 (1-6 %). Salicylate under 60 grs. per diem 4, salicylate 60-100 grs. per diem 3, 
salicylate over 100 grs. per diem 4, aspirin 1. Total 12 (3-3 %). 



THE VISCOSITY OF THE BLOOD 


A EEVIEW 

By CLIFFORD ALLBUTT 

Feoji the time of Vesalius modem investigators have been occupied in 
discovery of the statical conditions of the living organism, conditions which 
lend themselves to description and to demonstration ; it is the task of our own 
day upon this foundation to discover the dynamic conditions ; but these being 
in continual flux elude our diagrams, and vanish before they are seen. Never- 
theless the mechanics of the human body are being calculated, by such methods 
as those of Sherrington on the muscular confederacies ; of Hales, Marey, Ludwig, 
V. Basch, and their followers on the artei-ial pressures and so forth ; of Pfefier, 
Sanderson, Waller, Arrhenius, Einthoven on the molecular physics — to mention 
but a few of these pioneers ; again, on the chemical physics by work such as 
that on ‘ internal secretions or of Starling on the hormones ; and on the subtlest 
biological processes by the reseai'ches of Ehi-Hch and others in respect of such 
problems as those of immunity. When we realize the swiftness, the counterplay, 
and the evanescence of these dynamic activities, we admire the patience and 
assiduity which in several departments have tracked out many of their fleeting 
phenomena, and calculated their motions. On other lines perseverance has found 
less reward. In any one of these departments — in the simplest, for instance, 
that of the physics of the circulation — if much has been done, for the most 
part these dynamical cuixents stiU slip through our snares and escape our 
reckonings. Considerable, indeed signally successful have been the investiga- 
tions of a host of observers into the tides of the blood, yet even in the delineations 
of its massive mechanics there is still much to be desired, while on the chemical 
and electrical sides of haemodynamics we lack even definite outlines of the 
molecular activities of the bodily juices, and have attained as yet to few or no 
principles applicable to practice. However, it is one of the conditions of advance 
that from time to time we should survey our position ; and in the following 
article I have essayed in respect of the viscosity of the blood some such humble 
but necessary task. 

Viscosity, or the degree of cohesion of the particles of a fluid, as a factor in 
the efflciency of the cu-culation of the blood and lymph, has received little 
attention among English observers. In America, by the work of Russell, 
Burton-Opitz, and othera, this factor is well recognized ; yet nevertheless I read 
last 3"ear, in a useful little treatise on arterio-sclerosis bj’’ an American physician, 
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this astonishing sentence : ‘ The viscosity of the blood, as such, probably has 
very little effect on the resistance to the flow.’ In this sentence what does ' on ’ 
mean ? and what ‘ as such ’ ? Can it be that the author believes that the blood 
runs as freely along its channels as water or alcohol ? And a British critic of 
my studies on the aiieries lately bantered me for that I ‘ still cling to viscosity 
Well, if a man of science may have any prepossessions, I will admit that I ‘ cling 
to ’ gi-avitation, to the conservation of energy also, and in respect of our present 
subject likewise to the law or laws of Poiseuille, as to many another theory 
which has survived by universal consent. And when we know that in a fluid 
friction must multiply with every increase in viscosity, with every increase, that 
is, of the cohesion of the particles of the fluid, and when we remember also that 
nearly 200 times more of the heart’s energy is expended in overcoming friction 
than in direct transference of velocity to the stream, we shall scrutinize most 
carefully any degrees, however small, in the stickiness of the circulating fluid ; 
foi’, calibres being constant, these will be multiplied many times in frictional resis- 
tance. It is true notwithstanding that in the circulating fluids viscosity may be 
so balanced as to be virtually a constant ; and, if so, may be accepted as on both 
sides of our equations and currently disregarded. However, the other chief factor 
in resistance, namely, the dimensions of the tubes, is very far from constancy ; 
on the contrary, under the influence of the nervous system and otherwise, it 
moves within large limits. Thus relative degrees of viscosity are most difiicult 
to measure ; and the standai’d of it, as a vital condition, is so incessantly re- 
adjusted by the protective harmonies of the organism as to maintain it not only 
in stability, as is the case with the normal arterial pressures, but also in more or 
less abiding equilibrium. If in some abnormal states the fluctuations of viscosity 
may be extreme, 3'et in health, and even under the ordinary evolutions of 
disease, they seem to be either so confined, or to be so rapidly I’eadjusted, as to 
elude our relatively clumsy methods of measurement. Even in the laboratory 
the physiologist has made little progress in this research, his results are as yet 
far from consistency ; and the methods are still farther out of the I’each of the 
clinical physician. For these reasons then, since in 1898 (Lane Lectures) I set 
forth the essential importance of viscosity, I have refrained from discussing it ; 
but have attended rather to the fluctuations of vasomotor tone and of alterna- 
tive irrigation areas, which probably oscillate within much larger limits and 
under simpler conditions, axe therefore clinically more perceptible, and afibrd 
more consistent records to our still imperfect instruments. 

Far tlien from concentrating my attention upon viscositj', I have not gone 
beyond occasional allusions to it, w'hich however, as against a customary neglect 
of this factor, may have appeared to my readers as comparative emphasis. And 
indeed this factor can never be far out of our thoughts, for if it should appear 
that in states of disorder viscositj' may vary considerably the consequences 
cannot but be heavy; the handicap upon the heai't must be enormous. So 
while giving mj’' own time to those clinical phenomena for wliose ajipreciation 
I am better equipped, I have also collected for some years what I could find in 
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the researclies of observers skilful in the measurement of physical coefficients, 
and have tried to piece together such approximations to knowledge as from 
time to time they have offered to us. Quite recently Determann, whose re- 
searches in this field are well known, has published a tract (13) of larger scope, 
the first treatise, I believe, devoted to the subject ; and to it I am gi'eatly 
indebted for the revision of my own notes, and moreover for the example of 
a lucid and adequate comprehension of the whole matter so far as it has been 
carried. 

Of methods it would not become me to seem as of my own knowledge to 
speak; my own experiments have been of no importance, and those which 
I have witnessed have been comparatively few. What are the difficulties and 
the fallacies of the research we shall see presently ; difficulties with venesection 
(in man), with the coagulation of the blood, with its gas content, with changing 
temperatures, and so forth. Hurthle’s method, valuable as are his results, is 
applicable only to animals. Hirsch and Beck’s viscometer, which is generally 
used in Europe, requires not inconsiderable quantities of blood, and takes it 
in the venous state, a state in wffiich, as we shall see, it is of higher viscosity; 
whereas we desire to know the blood as the left ventricle lifts it. The earlier 
viscometers did not provide for constancy of temperature ; but in his last model 
Determann, by jacketing the tubes, aims at this constancy ; and, moreover, to 
provide blood enough for the estimations by a simple puncture of ear or finger, 
as in his instrument 0-2 grm. is sufficient. The comparison of glass capillaries 
with the fine blood-vessels, and the safety of the inference from the one to the 
other, have of course been thoroughly discussed by all experimenters in this 
field ; and in this respect the technique may be trusted, for it is ascertained, by 
noting on the blood column in the aorta of freshly killed animals a concave 
meniscus formed by adhesion of the blood around the wall, that the blood 
does wet the wall of an artery, and that it does not slip ; or if it does that 
the slip is occasional and negligible. And in the peripheral vessels pulsa- 
tion may be neglected, as in them oscillation is merging into a continuous flow. 
The term ‘ capillary tube ’ is not physiological ; it does not signify identity of 
diameter with the capillaries of the circulation, but tubes of small if not con- 
stant diameter in which fluids behave otherwise than in large or middle-sized 
channels. Of course in fuU tubes there is no ‘ capillary attraction ’, as this 
attraction lies between contiguous surfaces of fluid and air, or of two fluids 
of different qualities. However, to eliminate any fallacy of tube diameters, 
Determann in his estimations has frequently used in the same experiment tubes 
of three calibres ; namely, tubes traversed by water in 7-6 sec., 12-3 sec., and 
58 sec. respectively. He finds, however, that within these limits the calibre of 
the tubes is negligible. Tigerstedt (34) agrees with Hurthle find Hirsch and 
Beck that Poiseuille’s law may be said, with very slight margin of error, to 
express the hydrodynamic processes in the circulation. 

As regards the interference by the coagulation of the blood, it is believed 
that during the first moments of venesection the blood does not undergo 
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substantial alteration ; still under this condition the observation must be made 
too rapidly for careful -work, yet defibrinizing agents — such as oxalic acid — 
may alter its qualities considerably. Determann uses hirudin in minute quantit}’-, 
but it is suspected that even this agent may interfere with the normal properties 
of the blood ; certainly it facilitates the precipitation of the corpuscles. In the 
case of animals the anaesthetic also may have some modifying effect. In chloro- 
form narcosis it is said that the viscosity of the blood rises. Walter Hess (19) 
in bis instrument, by fixing t-wo glass capillaries parallel and near together, 
enables the observer to compare the rate of the blood under examination with 
that of a flow of water. 

Experimenters then are as yet far from satisfied with any one of the various 
viscometers hitherto invented ; and Adam (1), in the laboratory of W. His of 
Gottingen, whose work in this field gives weight to his opinion, thinks that 
instead of advancing to a greater simplification, as is usual in instrumental pro- 
gress, these instruments, if they are to meet the many and various contingencies 
which are inherent in the nature of the research, must become more elaborate. 
For we are baffled not only by the delicacy of the mechanics of the matter but 
also, and yet more, by the infinite complexity of this and the kindred problems 
in their physical, chemical, and vital potencies. It is true, however, as we shall 
see presently, that these kindred qualities offer to us in electrolysis, in i-efraction, 
in osmotic pressures, and in chemistry, alternative and controlling methods of 
measurement. 

For with the mind’s eye let us endeavour to obtain a vision, or a glimpse, 
of these myriad and infinitely various modes of energy, streaming forth in all 
dimensions of space throughout the animal body ; forces so fleeting and yet so 
perennial, so intricate and yet so harmonious, so universal and yet so nicelj’^ 
specific, so subtle and elusive, yet so mighty. We live but on the balance of 
them ; in their spring so swift, so quickening, yet ever implicit with the cadences 
in which they are to vanish when the symphony is over. With a pertinacity 
which indeed is born of them we, with our microscopes, our manometers, our 
viscometers, our electrometers, our polarimeters, year after year are scheming 
diagrams of their mazes, plotting out their centres, their rings, and their chains, 
threading them now and then and here and there, aiming at some exact measures 
of their features ; sti'eamlines tensive, difiusive, osmotic, ionic, cbemic, and, what 
we are fain still to call, vital ; the dynamic salts permeating and spinning the 
more static colloids, and passing them by evanescent phases from suspension to 
solution and oxidation. Nay, bow vain it is to trj’^ with words to paint these 
influences ! every molecule a world, every cell a solar sj’stem, every organism 
a prismatic fountain of strength, animation, and immeasurable purpose ! I'ain 
indeed are such words, and yet without them, without some endeavour to 
express this vast and multitudinous rhythm, this mazy and symphonic dance, 
we might isolate one by one diffusion, osmosis, ionic stresses, gaseous tensions, 
and so forth, as we might pin out upon a board the several items of the body — 
its bones, its tendons, its nerves, and yet form no vivid conception of its 
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functions as a wliole. And if we do attain to any vision of this unity in com- 
plexity, of the poise of these bewildering rhythms, in our first marvel at this 
infinite complexity of haimonious energies may we not recoil as Dai-win, in his 
amaze at the beauty of the human eye, recoiled in momentary incredulity from 
his own theory ? 

A cei-tain effect, or expression rather, of this concord of infinite velocities 
and exchanges is that we can seize no moments of arrest during which by our 
machinery static measurements can be made. Not having the cosmic eye nor 
infinite mind, we halt between arbitrary classification and functional jumble. 
If from phase to phase fiuctuations must be, or may be, large, they are con- 
sentaneously held up again ; still unless, on account of the fragmentary outlook 
of the human mind and of other limits of its faculties, we can after some 
arbitrary manner catch them flying, and get some kinetographic records of 
exposure, we must give up the hope of attaining to a scientific knowledge of the 
functions of the circulation. If the viscometer cannot become a handy clinical 
instrument, yet the clinician must demand from the phj^siologist some approxi- 
mate calculations of the potent if not dominant factor of viscosity. If it 
be in health always and commonly in disease so incessantly equilibrated as to 
be vii’tually a constant, so much the easier for us ; but natme does not usually 
make scientiBc measurements so easy, and we shall not be satisfied to assume 
this constancy — at any rate not in states of disorder — until laboratory experi- 
ments convince us of such uniformity or approximation. Certain weU-known 
observations of George Oliver suggested that under high ai’terial pressure the 
space relations of blood and lymph are altered, and therewith the density of 
the circulating fluid. The younger Erb (17) also came to the conclusion that with 
rise of arterial pressures the blood concentrates — contains more solids ; and that 
as pressures fall it becomes more dilute ; though this reaction is slower than 
the previous concentration. From this point of view two papers read to the 
Ro^ml Society by Mallock (Nov. 24, 1910) are of interest, in which he demon- 
strated that in ‘viscous flow the character of the stream differs according to 
whether the flow is towards decreasing or increasing pressure However, subse- 
quent observers think that such changes are not due, or are not notably due, to 
mere exudation and return of lymph from the blood-vessels ; and that the ebbs 
and flows of blood-distribution in areas predominate over those of lymph filtra- 
tion. Besides, such and so free are the molecular reciprocations amid all the 
hodily fluids that in these respects the lymph, which is actually the medium of the 
cells, may be taken as the equivalent of the blood ; indeed Botazzi (7) and his 
pupils seem to have proved this upon animals, so that little or nothing is to be 
gained by separating blood and lymph as one of our necessaiy if arbitrary 
divisions of the subject. 

What analytic divisions, then, can we conveniently make? In the first 
place our experiments are restricted to capillaiy, or virtually capillary, tubes, 
concerning the physics of which, by the labours of Poiseuille and others, we are 
instructed already ; and within such tubes in the body it is that the circulatory 
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frictions are most tenacious. The currents in larger vessels are affected by other 
conditions. As we approach the peripheral areas we find the resistance rising 
rapidly. And in the blood it is of great importance to watch not only its 
behaviour as a whole, but also, dividing the corpuscular elements from the 
plasma, to calculate the viscosity of the plasma and the blood severally. By 
the corpuscles themselves, merely as foreign bodies, the viscosity of the blood is 
largely increased ; but we shall see that this effect of them is much more com- 
plex than that of indifierent foreign bodies. Another chief division in our 
analysis speaks for itself ; namely, the distinction of the colloid from the saline 
constituents, each class and each phase of which behaves in ways of its own. 

On these lines we have to tiy to reach some vision of the infinite reciprocal 
play of the modes of energy in which the living web of life is ever spinning ; 
but in this vision we perceive that the influence of contingency must be incessant, 
and in our experiments difficult to neutralize. Let us glance at some of them. 
We shall anticipate rightly that the molecular dances will be different at 
diflerent ages, and may be different in the sexes. Again, animals and plants will 
diflier from each other and from man ; and in our experiments we can keep 
animals in respect of external conditions far better in equilibiuum than is 
possible with man. In youth it is fairly certain that the capillaiy wall, and 
other membranes concerned, are more permeable than in age ; and herein may 
lie some or much of the lagging of function in the elderly, and again pei'haps 
some of the stiffening of blood-pressures in them. By experiment upon 
132 persons divided in age by decades W. Hess (20) showed that the viscosit}’- of 
the whole blood rises from childhood to adult life, and perhaps towards middle 
life ; but that after maturity, the valuations show no consistent progressive or 
retrogressive tendency. The mean of adult males was 4-74 (water is the unit) ; 
the extremes were 4-0 to 5-5 : of adult females 4-40 ; the extremes 4-0 to 5*4. 
The viscosity of men seems thus to rule higher than that of women, at all ages. 
A viscosity in a male below 4-3 or above 5-3, and in a female below 3-9 or 
above 4*9, Hess would regard as abnormal. Probably the irx-egular variations 
lie in the varying percentages of haemoglobin. Nevertheless, even if the 
viscosity figure be ivithin limits of the possible normal, and indeed if also the 
haemoglobin figure be not positively abnormal, yet, according to Hess, if 

the quotient ligcosity outside the limits of 17-21, the condition is 

^ haemoglobm 

abnormal. To the haemoglobin factor wo shall retiu-n. 

There are other difficulties also in defining the limits of tlic nonnal. In 
woman, for instance, is pregnancy, is menstruation, within the normal ? Pfibaudi 
(32), using Hess’s instrument, found in pregnancy a fall of the viscosity of thewholc 
blood, especially in the latter part of it, until just before parturition, when it 
rises — especially if the birth be a hard one, or in eclampsia — to fall immediately 
after delivery. The viscosity of the blood is higher in the foetus than in the 
mother. During suckling the viscosity of the maternal blood does not rise. 
Similarly there is, he says, a premenstrual rise of viscosity, a fall during 
[Q. J. M., April, igii.l A a 
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menstruation, and a rise to normal immediatelj* after it. Again, idiosyncrasy 
plays its part, perhaps a considerable one ; between various species of animals 
Hurthle found such differences ; dog’s blood he found about d-T” ; cat’s blood about 
4-2 ; rabbit’s blood about 3-3 (24). Then again there are certainly fluctuations 
during the day, effects of meal-hours, exercise, diet, nervous influences (especially 
vasomotor), and so forth. Climate and altitude likewise have, as we shall see, 
their effects on the viscosity. I shall not quote many flgiu'es in these inquiries, 
for as yet the discordances of various observers give us no firm ground for 
generalization from them. Concerning effects of diet upon the blood- viscosity, if 
some definite conclusions could be formulated they would be very helpful to the 
ph3’sician ; but the reports are discordant. Hurthle and Burton-Opitz, upon 
animals, inferred that changes of diet were reflected largely in the viscosity curve, 
even in variations so large as 20 per cent. Determann, on the contrary (in man), 
comparing vegetarian with animal diet, strictly observed for some days, failed to 
convince himself that these extremes became perceptible in terms of viscosity. 
It seems to me that the blood in gathering and selecting its own materials out of 
the food-stuffs may well neutralize irregularities of supplies, at any rate for some 
days ; proteins are to be got out of either diet, and extremer variations in 
electrolytes, e. g. salts, are probably of more importance. In our everyday work 
much must depend on such adaptations, though over much longer periods — 
a year or a decade of years — more permanent alterations might become estab- 
lished. We shall see that in plethorics with high blood-pressures Determann him- 
self has noted a higher viscosity. Moreover it appears to me that comparisons 
between carnivora and man may be invalid in this respect. It seems likely that 
in dogs, for instance, the viscosit}’- of the blood would fluctuate more violently 
on conversion to a vegetable diet than in omnivorous man. I fear the pig would 
present more of a parallel with ourselves. In the careful and repeated experi- 
ments of Burton-Opitz the most definite results seemed to be that in dogs pining 
(presumably water was given to thorn) reduced viscosity, and full flesh-diet in- 
creased it ; in rabbits that viscosity varied more with the watery constituent of 
the food. Feeding and fasting would seem to offer more crucial differences, though 
it is not easy to determine the optimum moment of cell satiety. It seems certain 
that meal-houm determine some fluctuations of viscosity ; and they seem to be 
larger in the morning than in the evening, the daily excursions being about 
12 per cent. ; now in experimental estimates these normal dail}’’ waves must not 
be forgotten. 

Concerning -iccw’k and exercise the evidence is less conflicting. Sweating, 
it is agreed, raises viscosity by about 1-25. Apart from this factor, Blunschy ^ 
found from his own and from other experiments that prolonged exertion, such 
as ski-running, reduces viscosity considerably, while short forced efforts raise 
it. Notwithstanding it was found that by derivation from the tissues a reduc- 

* Blunscby’s paper -was a Zurich dissertation .of 1908 of -which I have seen extracts in 
year-books, and other ciuotations. His curves of normal daily fluctuations, &c., are republished 
in Deterinann’s book, p. 6G. 



THE VISCOSITY OF THE BLOOD 


349 


tion towards the normal is soon brought about (Lommel (27), Hess, &c.). Bbhmo 
(Kiel), speaking in a physiological discussion-, said that brief severe exer- 
tion (on the ergostat) concentrated the serum, the albuminous content rising 
7-8-8J per cent. It returned to normal in about five minutes. He explained 
this by the higher osmotic pressure in the muscle during work, the water passing 
into the muscle. An important feature of these, and of some other careful ex- 
periments, is that relativelj’^ largo figures are registered, so that there is room for 
some experimental error. For instance, on long marches as much as 1346 per 
cent, of difference has been recorded ; an estimate which ought to leave a sub- 
stantial result of 7 or 8 per cent. And Hasebroek, in a very interesting discus- 
sion at one of the German Medical Associations (18), observed that in estimating 
blood pressures during exertion, to avoid fallacy' he had to estimate viscositj’^ also ; 
a correction in which Deneke agreed. Blunschy also, on this occasion, referred 
to his own experiments (quoted above), and added that during bodilj’’ exertion 
he had noted movements of pressure 'and viscosity to be parallel; and for us 
clinical physicians the important factors, with blood of constant value, are its 
speed and the heart work expended on it. Hasebroek indeed expressed the 
opinion that Oertel’s therapeutical methods owe more to reduction of viscosity 
than to reinforcement of the heart itself. He found also, as we have found in 
England, that on the whole, in trained men, by continuous exertion the arterial 
pressures are reduced. 

Climate is too large and vague a condition to detain us at 2 >resent; but in 
altihidd we have a more definite factor, and one for which we have some more 
definite data. Determann and others have found that at high altitudes viscosity 
increases substantially ; this is duo, at any rate in pai-t, to increase of rod 
corpuscles, a matter to which we shall return presently ; and we find the same 
rule in cj'anosis, in which these corpuscles more abound. It is well ascertained 
that the blood of normal residents in high altitudes, such as St. Moritz, is richer 
in red corpuscles ; they have probably a more capacious blood-making apparatus 
and lung capacity. It is in these persons that Determann finds a corresponding 
excess of viscosity (by 174' per cent.) ; and v. Korfmyi has found that this amount 
can be reduced by the inhalation of oxygen. To this condition of altitude 
I shall return later. 

The density and voh(,me of the several secretions and excretions of the body, 
difficult as they are to follow, are yet much concerned in the problem before us ; 
for presumably bj^ their fluctuations the equilibrium of the corporeal fluids is 
largely provided. "When, for example under a sweat, the viscosity of the blood 
rises, and is compensated by derivation from the tissues, the canals and 
reservoirs of the system will give up some of their aqueous clement ; and in 
some measure the electrolytic element also will bo readjusted. It has been my 
own experience, and I believe that of mountaineers generall}*, that during long 
climbs one does not desire much food ; nor indeed is it wise to cat largely or too 
soon after coming home, for the secrction.s of the parts of digestion have rendered 
^ Reported in Deuf. mcd. IVocliciischr., 5, 1910. 

A a 2 
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up their juices to prevent concentration of the arterial blood, and therewith 
increased labour of the heart. The scantiness of the urine and the dryness of 
the mouth in prolonged exercises are familiar to ever}’- one. 

So far I have sketched out the sort of influence exerted by outward con- 
ditions upon the viscosity of the blood ; I may now ask the reader to follow me 
in pursuing this train of thought into the motions, qualities, and exchanges 
within the blood itself. This part of the inquiry is traversed by certain 
important but indeterminable factors, indeterminable at any rate by handy 
methods. Two of these factors, not easily to be appreciated during experimental 
observation, are the velocity of the blood-stream, and the output of the left 
ventricle. Until these moments can be reckoned in, our observations must still 
have something conventional about them. Meanwhile, however, we may make 
a little progress with other conditions on which they have some dependence. 

And this seems to be the place to point out that viscosity is not sjjecific 
gravity, an assumption not infrequently made even by eminent writers on the 
circulation ; there is not even a direct relation between these two coefficients. 
A normal or even a high specific gravity is not inconsistent with a low viscosity. 
The 'strong salts’ and the ‘weak salts’ difier wudely in molecular weight, and 
accordingly in the effect of equal doses. Of the solid constituents of the blood 
some, such as sodium and calcium chloride, have in respect of viscosity a positive 
effect ; others, such as sodium iodide, a negative. Again, as we shall see, the 
gas content of the blood largely affects its viscosity ; by carbonic acid this is 
increased, by oxygen it is reduced. But I may digi-ess for a moment to point 
out that the specific gravity is by no means a negligible factor. A long 
series of obseiwations by Roy, Lloyd Jones, and myself proved that in the 
normal man the specific gravity is maintained fauly constant, being 1058-60 ; 
but, in males especially, it tends after the age of forty to fall. If in the elderly 
it rises, the rise is often coincident with a rise of arterial pressure also, in which 
case cerebral haemorrhage is to be feared, and may be prevented. In Hyperpiesis 
I have never found this variable to be subnormal, and if pressures fall the 
specific gravity falls likewise. Conversely, if in a case of suspicion of cerebral 
haemonhage the specific gravity be low, the diagnosis — as in respect of embolic 
or thrombotic alternatives — should be revised (Lloyd Jones and myself). In 
this case the arterio-sclerosis wiU probably be of the kind which I have called 
involutionary or decrescent, as opposed to that ensuing upon prolonged higli 
pressures. At the same time, although in a case of arterio-sclerosis, or high 
arterial pressure, the specific gravity be high, or rising, and haemorrhage be 
feared, yet a falling specific gi’avity may not be propitious, for if not consistent 
with cerebral haemorrhage it may signify failing reactions. For instance, to 
return to viscosity, Hirsch and Beck have shown, contrary to the presumption 
of Ewald, that if in the earliest stage of granular kidney — the disease above 
all in which peripheral resistance is high — viscosity may rise, it soon falls, the 
fall being probably due to hydraemia. But the whole question of molecular 
concentration in the sundry kinds of renal disease has yet to be dealt -with. 
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Generally speaking, in later life falling arterial pressures are attended with 
falling specific gravity. Specific gravity then is no test for viscosity; indeed 
the relation of the two factors often moves inversely (10), and each factor must 
be separately measured. 

Now, having cleared our path by making these distinctions, let us con- 
centrate our attention again upon viscositj’’ itself, which, signifying internal 
friction, must be a cardinal factor in the circulation of the blood ; indeed were 
the small vessels of constant calibre, area, and ramification, it would be a tyranni- 
cal factor. The law of flow in capillary tubes — ^known as Poiseuille’s law — 
is this : — That at a constant temperature the quantity of flow of water in unit 
of time is directly as the pressure and as the cube of the radius, but inversely 
as the length. With the cone of outflow and the vena contracta we have not to 
deal, except to remember that this cone is the expression of the section of the 
flow ; for the flow is regarded as consisting of cylinders of increasing velocities, 
the one within the other. The outermost cylinder, that in contact with the wall, 
if it wets the wall, as in the blood-vessel we have seen that it does, is stationary, 
it changes by diffusion only; but from this cylinder inwards the successive 
layer's, or cylinders, of the fluid travel each over the other with inci'easing 
velocities as they lie nearer to the central or axial cylinder, and farther and 
farther from the more and more sluggish peripheral cylinders. Thus we see why 
the outflow is conical. Now as each of these cylinders is continual!}" engaged in 
shearing stresses in relation to the pair without and within it, the stickier the fluid 
the more the internal friction, and the hax-dei ' — caeteris 2 ^arihus — the heart must 
work, if the velocity is to be kept up ; for much of this friction is turned to heat 
or other modes of energy, and, so far as velocity is concerned, is lost. If then 
in man the viscosity of the blood is four to five times that of water wc ma}" 
apprehend how enormously more is the energy required to circulate blood than 
water ; and how severely, caeteris 2 ^ci')'ibus, the heart will be handicapped by 
even small increases in this viscosity in beds of friction so extensive and so 
ramified as in the vessels of upright man ; caeteris I repeat ; for, 

according to the law we have accepted, the cubes of the radii of the tubes and 
their lengths, variables of wide limits, have to be reckoned with also. I may 
point out here that as friction takes up 98 per cent, of the heart’s energy, and as 
again friction varies as the cube of the radius, a very slight increase of radius 
will make a very lai’ge fall in resistance. And wo must not forget another 
obscure factoi', namely that it is in the capillaries that the worlc is done ; there 
the physiological exchanges take place between the nutritive juices and the 
cells, which can scarcely be without some effect (‘ Gewebsgefuhl ’) in speeding or 
delaying the blood. This effect William Broadbent believed, in some morbid 
conditions, to be a considerable factor in delay of the blood in the capillaries. 
And we shall see that the gas content is a large factor of the velocity of the 
stream, or at any rate of the viscosity. 

The blood not a homogeneous fltdd. Hitherto the blood has been taken 
as if it were a homogeneous fluid, as it were water thickened more or less with 
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glycerin. But we well know that such is not its condition ; that in the plasma 
coUoids and saline matters are mingled, and that in the plasma are suspended 
a large number of corpuscles, red and white. Now if we suppose these bodies 
to be equally distributed throughout the fluid, and to be of constant diameter, 
would such a compound stream behave as if homogeneous? In making the 
comparison the clotting embarrasses us ; in defibrinized blood the corpuscles sink 
before the observation can be completed, and the addition of chemical agents to 
delay clotting presumably interferes with the reaction of the blood thus treated ; 
even Determaim’s parsimonious use of hirudin is declared to be open to a 
similar demur. Mott (29) has suggested that nucleo-protein, as it has so rapid 
a coagulative action on the blood, ‘may have a viseosing effect on the blood.’ 
And Arthur Bodington, in his Cambridge M.D. thesis for 1903, expressed 
a similar opinion. In this place a description of the various methods by which 
these difficulties have been surmounted, or reduced, would be inappropriate; 
suffice it to say that expert observers, such as Beck and Hirsch (4), Hurthle, 
and Tigerstedt (34), are agreed that in respect of Poiseuille’s law the blood may 
be considered within small limits of error to behave as a homogeneous fluid. 
Notwithstanding this approximation, it is of great importance in our analyses, 
as we shall see, to reckon severally the part played by the plasma and by the 
whole blood. Of laking the blood we will speak presently. 

The plasma consists of colloids suspended, and merging by infinite degrees 
towards solution, in the serum; this again consists of a solution of salines 
and proteins on which its physical properties depend. The plasma without the 
corpuscles is of course of lower viscosity than the blood as a whole ; but the 
viscosity of the blood depends not on the corpuscles only but upon the plasma 
content also ; and in this more upon the colloids than upon the salts, some of which 
are negatively viscous. The viscosity of the whole blood is higher than that of a 
mixture of the corpuscles in the same proportion with salt and water. Moreover, 
if the corpuscles are not unifoimly diffused, viscosity will vary in areas, rising in 
those in which the corpuscular content is denser, and falling in those in which 
it is scantier. Thus the rise of viscosity in asphyxia may be due to the more 
numerous corpuscles, or to variations in size ; but here, as we shall see, the effect 
of carbon dioxide comes in. That in leucocytosis or erythrocytosis viscosity 
must rise seems an obvious inference ; and although total blood-volume is 
increased, this increase in cases of profusion of reds is in less I’elative proportion. 
In two cases published by Parkes Weber (37) in which the red cells attained 
8-8^ and over 10 millions respectively, and the haemoglobin 200 per cent., 
although the blood-pressure (full systolic ?) was only 160 [a rough mean 
between Haldane’s Riva-Rocci (157 mm. on two observations) and Weber .s 
Hill and Barnard (165 mm.)], the viscosity was such that the heart, in spite ol 
this moderate systemic pressure, was failing, at the age of 29, under the 
aggi'avated friction thus engendered, and the considerable (in the second case 
75 cm. per 100 gim. body weight) excess of total blood-volume to he 
driven. Hutchinson and Miller (25) in a similar case recorded a high 
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degree of fibrosis of the vessels, which they reasonably attributed to the high 
frictional resistance of 7|-8 million reds; an observation which favours the 
assumption that viscosity is at least a vera cavsa of arterio-fibrosis ; Craig’s 
Cambridge M.D. thesis on excessive arterial pressures in a certain land of 
melancholia is well known; Bruce and Alexander (9), on these high pressures 
in such cases of insanity, say that these pressures (of 140-180 mm.) are 
associated with a leucocytosis. It occurred to me that in the high viscosities of 
polyeythaemia the heart should be enlarged oh both sides : but, in such notes 
of the few autopsies I can lay my hands upon, the heart is spoken of in general 
terms only, as hypertrophied or dilated. It is to be desired that in future the 
state of the several chambers of the heart should be carefully noted on Muller’s 
method. It is also to be desired that when the circulatory corpuscles in such 
cases ai’e reduced in number, as for instance under therapeutical methods, that 
the effect on blood-pressure, and, if possible, on velocity, should be accurately 
noted. When a rise of arterial pressure is due preponderantly to large areas 
of vaso-constriction the stress, as in granular kidney, will fall upon the left 
ventricle in corresponding degree ; if, however, the resistance be due to inereased 
viscosity the stress should be felt alike on both sides of the cireulation. It is 
said that in granular kidney, unless in the earliest stage of it, the viscosity 
of the blood is not much increased, if at aU (23), a notable fact when we consider 
the polyuria of the disease; now it is in granular Iddney that hypertrophy 
is developed often wholly, always very preponderantly, in the left ventricle. 
It may seem surprising at fii-st sight, if the coi-puscles be so laz’ge a factor 
in viscosity, that in the cases of heavy polyeythaemia to which I have 
referred the arterial pressures do not i-ise enormously ; but certain compensatory 
adaptations seem to meet the stress, amongst which vaso-motor dilatation must 
take a principal part. I have pointed out how large must be the effect produced 
by a small inci’ease of arterial radius. Yet if such a dilatation yields a cubic 
increase of space, it may not thereby neutralize the extra burden of the 
heart (22). How perilous, how fatal, enormous increases of the corpuscles, or 
relative increases, may be is illustrated in certain colliquative diseases, such as 
cholera; in which conditions also the marvellous effects of intravenous injections 
of saline water in reducing the viscosity are conspicuous : and these cases are 
probably but eminent examples of an injurious process which, in many 
diseases, especially in fevers, may constitute a considerable if occult cause of 
danger to life. 

I have already hinted that in the viscosity of the corpuscles there is more 
than the mere friction of multitudinous foreign bodies. We are apt to forget in 
the discussion, not only of this mechanical question but also of associated 
physical questions, that the surfaces of the corpuscles are bathed in the plasma, 
wet with the colloid fluid in which they are suspended, and so far partake of its 
qualities. But there is a simple method of ascertaining the mere mechanical 
conditions of these solids by elimination, that is by laking the blood ; in laked 
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blood -we have an opportunity of observing what effects, other than by 
mechanical suspension, the corpuscular elements may have on the physical 
reactions of the blood ; by their stroma, for instance, their haemoglobin, their 
gaseous content, and so forth. Determann (14), Adam (1), Hess, Blunschy (5), 
have given especial attention to these functions, which seem to be after this 
manner. Laked blood proves to be not less, but more, viscous than normal blood ; 
and for this reason, that the corpuscles contain within them a substance stiU 
more viscous than the plasma, which, while inside them, is prevented from 
exercising this property to the full. Thus it falls out that in the blood when 
laked the molecular friction in the relatively homogeneous fluid is higher than 
between the corpuscles and the serum. The explanation seems to lie with the 
stroma, which, segregating into granules (Adam), sets up more friction than do 
the bodies of the original corpuscles themselves. On removing these suspended 
bodies by the centrifuge Adam found the friction considerably reduced. 

But this is not all ; by another series of experiments these industrious 
observers proceeded to demonsriate that, even after the removal of the stroma, 
there was still a notable excess of viscosity ; and this they have traced to the 
compound coefflcient of haemoglobin and gas content. Oxygen and carbon 
dioxide, which produce no efiect of viscosity upon plasma deprived of corpuscles, 
afiect its viscosity instantly when to it are added crystals of pure haemoglobm. 
We see at once then that in laked blood this compound factor comes into full 
activity, and how impoidant it is in these comparisons to know when testing 
viscosity if the blood was taken from a standard area; if venous, capillary, 
or aiterial. 

Here comes into view then a most imporiant condition in disease, especially 
of disease of the lungs or heart, namely that excess of carbon dioxide (15) means 
excess of ^^scosity. Thus, in defective oxidation, at the moment when the 
velocity of the blood should receive a compensatoiy acceleration, its viscosity is 
rising. It is a familiar experience with me, as I doubt not with my brethren, 
that although on the mere mechanics of pulmonary respiration it .may not 
always be easy to explain the beneficial action of oxygen inhalation in cyanosis, 
yet in many instances the patient clings to his oxygen-pipe , with affection, 
or even with desperation. Now if access of oxygen favours an attenuation 
of the viscidity of the blood, it should thereby ease the heart and forward 
the blood-stream ; if accumulation of carbon dioxide makes for an increase of 
viscidity and a sluggish current, the comforting effect of oxygen inhalation 
becomes intelligible. The principle can be demonstrated readily as follows 
Some blood is drawn from a vein and, to prevent coagulation, a very Httk 
hirudin is added, and the viscosity tested. It is then well shaken in air, 
to oxidize it, and the viscosity again tested, when it will be found to have 
fallen considerably. And besides this relief by oxidation, we may presume m 
the body on some farther fall in friction by a diminution in the number of red 
corpuscles ; for these in defect of oxygen multiply, in increase of it are reduced 
in number. In heart disease von Koranyi has shown by blood-counts that 
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inhalations of oxygen and a rise of tension of the gas in the blood are followed 
by a fall in the number of reds. 

It would seem indeed that of all factors of viscosity carbon dioxide is the 
chief, for the changes of viscosity by these gases are less of the plasma than 
of the corpuscles ; so that in diseases of the heart and lungs, as Determann says, 
a vicious circle is established of plus viscosity, plus resistance, plus CO;,, and so 
round to plus viscosity again; a gyration which the heart tuay be unable by 
increasing the velocity to break through.^ Still as in life there is no direct 
relation between arterial pressures and viscosity, for indeed they may move con- 
trariwise, evidently some large compensatoiy factors of another kind must be at 
work, probably vasomotor, but of which we have as ^’’et no accurate knowledge ; 
so that this problem is far from solution, and so will be until we have some ready 
clinical means of ascertaining cardiac output, velocity of current, total mass of the 
blood, and breadth of peripheral bed.'* We should suppose, however, that cases 
of high pressure plus viscosity would favour cerebral haemorrhage, of low 
pressure, thrombosis. And although, as we have seen, under these conditions the 
corpuscular changes are the main factor in viscosity, yet the behaviour of 
oxygen and carbon dioxide are not exactly reciprocal. Viscosity depends so far 
on the state of the plasma that it cannot be measured simply by the number 
and sizes of the corpuscles ; but presumably the blood gi’ows more and more 
viscous as it approaches the lungs. Oxygen combines with the haemoglobin 
to form oxyhaemoglobin, but is not very stably fixed; while carbon dioxide 
attaches itself not only to the reds but also to other constituents of the serum, 
as to mineral alkali and protein bodies. Hydraemia again must often be an 
interfering factor, and one difficult to estimate. An excess of CO„ favours the 
penetration of chlor-ions and water into the corpuscles, with a corresponding 
movement outwards of albuminoids; and a consequent rise of viscosity dependent 
in part on increase of colloid in the plasma, in part on swelling of the corpuscles ; 
at any rate such is the reaction in • vitro, and it is consistent with certain 
experiments in vivo. And when we may have ascertained the values of these 
factors for the blood in general we must still remember that the states of the 
blood, and the interchanges between blood and tissues, may vary widely in the 
several areas. Again, although any two or more qualities of the blood taken 
sepai-ately may lie within normal limits, jmt their quotient may be abnonnal, as 
illustrated by Hess’s statement, already quoted, that even if haemoglobin and 
viscosity taken separately may lie within normal extremes, yet if these figures 
divided give a figure which does not faU within 17-21, the blood is of abnoi'mal 
composition. Bachmann,® working with Hess and Eickhorst at Zurich, gives 


® On this aspect of the matter, see also Bence, ‘ Visk. cl. Blutes,’ ZeUfchr. f. klin. Med., 
1906, Iviii. 

‘ Haldane and Lorrain Smith’s carbon monoxide method is not for clinical work ; and that 
of V. Plesch, if more readily applicsible, seems to be open to some adverse criticism ; vid. Muller, 
DcuUch. Arch.f. Min. Med., 1909, xeni. 559. 

° Dcntsch. Arch.f. Min. Med., Oct., 190S : a careful paper with observations on 400 cases. 
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blood we have an opportunity of observing what effects, other than by 
mechanical suspension, the corpuscular elements may have on the physical 
reactions of the blood ; by then.' stroma, for instance, their haemoglobin, their 
gaseous content, and so forth. Determann (14), Adam (1), Hess, Blunschy (5), 
have given especial attention to these functions, which seem to be after this 
manner. Laked blood proves to be not less, but more, viscous than normal blood ; 
and for this reason, that the corpuscles contain within them a substance still 
more viscous than the plasma, which, while inside them, is prevented from 
exercising this property to the fuU. Thus it falls out that in the blood when 
laked the molecular friction in the relatively homogeneous fluid is higher than 
between the corpuscles and the serum. The explanation seems to lie with the 
stroma, which, segregating into granules (Adam), sets up more fiiiction than do 
the bodies of the original corpuscles themselves. On removing these suspended 
bodies by the centrifuge Adam found the friction considerably reduced. 

But this is not all ; by another series of experiments these industrious 
observers proceeded to demonstrate that, even after the removal of the stroma, 
there was still a notable excess of viscosity ; and this they have traced to the 
compound coeflBcient of haemoglobin and gas content. Oxygen and carbon 
dioxide, which produce no efiect of viscosity upon plasma deprived of corpuscles, 
aftect its viscosity instantly when to it are added crystals of pure haemoglobin. 
We see at once then that in laked blood this compound factor comes into full 
activity, and how important it is in these comparisons to know when testing 
viscosity if the blood was taken from a standard area; if venous, capillary, 
or aiterial. 

Here comes into view then a most important condition in disease, especially 
of disease of the lungs or lieart, namely that excess of carbon dioxide (15) means 
excess of viscosity. Thus, in defective oxidation, at the moment when the 
velocity of the blood should receive a compensatory acceleration, its viscosity is 
rising. It is a familiar experience with me, as I doubt not with my brethren, 
that although on the mere mechanics of pulmonai’y respiration it .may not 
always be easy to explain the beneficial action of oxygen inhalation in cyanosis, 
yet in many instances the patient cRngs to his oxygen-pipe with affection, 
or even with desperation. Now if access of oxygen favours an attenuation 
of the viscidity of the blood, it should thereby ease the heart and forward 
the blood-stream ; if accumulation of carbon dioxide makes for an increase of 
viscidit}’' and a sluggish current, the comforting efiect of oxygen inhalation 
becomes intelligible. The principle can be demonstrated readily as follows : 
Some blood is drawn from a vein and, to prevent coagulation, a very little 
hirudin is added, and the viscosity tested. It is then well shaken in air, 
to oxidize it, and the viscosity again tested, when it will be found to have 
fallen considerably. And besides this relief by oxidation, we may presume m 
the body on some farther fall in friction by a diminution in the number of red 
corpuscles ; for these in defect of oxygen multiply, in increase of it are le uce 
in number. In heart disease von Koranyi has shown by blood-counts that 
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Wh&t -pavt filtration may play in these animated processes is uncertain, for 
the data of relative local mechanical pressures, and of the distribution of gases, are 
out of our reach, at any rate at present. We recognize filtration in certain areas, 
as in the renal glomeruli,® and it may be no inconsiderable factor elsewhere; 
but diffusion and osmosis are universal, and govern the balances of viscosity ; 
so that the nutrition of the cells and the mechanical ease of the heart and 
circulation are favoured by isoviscosity and isotony, as these in their turn are 
regulated by the by wash of the secretions and excretions, and probably under 
some influences of innervation. And these reactions with the tissues are by no 
means confined to blood and lymph, but are incessantly at work also in the 
blood itself between its plasma and its corpuscular elements. Such here and 
there are the peeps we may get into the intense and immeasurable reciprocations 
of these biological functions in health. 

Chemical analysis in the ordinary sense, although it gives us indispensable 
information as to the ultimate and mediate components of the blood and lymph, 
throws no independent light upon their physical attractions and repulsions, and 
gives little insight into the physical and electric vibrations which constitute the 
dynamics of these fluids. We shall see, however, that we are not wholly without 
a method of measuring these activities, for in electrolysis we have a means of 
ascertaining approximately the rate of osmosis, and indirectly even of molecular 
friction. Hampered as we are by the imperfection, or alleged imperfection, of 
viscometers, it will be well to attack these problems for a while by way of the 
electric resistance of the blood. The mean normal resistance at 15"6° C. is 
550 ohms (D. Turner), the specific resistance 98-5. Dawson Turner, of Edin- 
burgh, (35) made a number of experiments to ascertain the time occupied by 
sodium chloride to reach the blood. In five cases the blood-resistance was 
measured before taking 30 grains of the salt, and at five-minutes’ intervals after- 
wards. The average time taken for the fii'st lowering of the resistance of the 
blood was 15'4 minutes, and for the maximum effect 21'4' minutes. Dr. J. 
Edmunds, of Ann Ai’bor, also told me (in September, 1907) that by interposing 
a length of the femoral artery between two hooks connected with positive and 
negative poles, and recording the valuations of conductivity of the blood, he was 
enabled to observe the intervals, which were very biief, between his injecting 
a saline solution into the jugular vein and a consequent rise in the conductivity 
of the blood. 

The tests of freezing and boiling poinU, as we shall see, have proved 
disappointing in practical medicine. For instance, the milk and the serum of 
the cow have the same freezing-points, but the electric conductivity of the milk 
is lower, because it contains relatively more organic molecules. Furthennore, 
not all the inorganic particles in these fluids are in full electric activit}^ for some, 
combining with proteid substances (Loeb’s ion-proteids), exert less electromotive 


^ There seems to he some evidence indeed that the glomerular function is not one of mere 
filtration. 
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and osmotic energy. It is not then the number of ions but their rapidity, their 
driving power against the indifferent colloids, which is of working importance. 
And here we observe again the irrelevance in these measurements of the specific 
gravity. Speaking generally, colloids are of low electric conductivity, salts of 
high conductivity ; but salts, as we have seen, are far from being of equal effect 
on viscosity or conductivity or on the freezing-point. The specific ionic effects 
of the various salts are not identical. Some raise viscosity ; others, such as the 
iodides, reduce it. We may regard the salts, then, as incessantly bombarding 
and penetrating the colloids, thereby promoting the various dynamic activities 
in the fluid, from diffusion onwards. Thus viscosity is diminished ; and at 
temperatures higher than the atmosphere, but under that of incipient coagulation, 
these reactions of colloids and saline are more and more active. We have seen 
that globulin insoluble in water becomes soluble in weak saline ; and Pauli (31), 
obtaining by cai-eful dialysis a neutral albuminous solution, found on adding 
to it graduaRy small increments of salt (sodium chloride) that the viscosity did 
not rise, but fell. He explains this paradoxical reduction of inner friction by adding 
solids on the supposition that particles of salt, by attaching themselves to the 
albuminous molecule, form a more slippery albumin-salt-ion combination. Yet we 
shall have to admit presently that in practice the viscometer fails to register any 
fall in the blood of patients under treatment with the ordinary doses of iodide of 
potassium. We must not, of course, regard the flow in glass-tubes as identical 
with that in the fine arteries, but, as I have said, the approximation is found 
to be fairly representative ; but it may be that in the body the exchanges 
between the fluids and the cells, and the vasomotor readaptations, are so 
rapidly compensatory that we fail to catch the oscillations. In like manner 
under iodide of potassium no fall of arterial pressure has yet been proved ; 
though the belief of clinical observers, for what it may be worth, is very 
pi’evalent notwithstanding that by the administration of this salt the circulation 
is eased. 

Diffusion, under the circumstances of which we are speaking, is a uni- 
versal factor; and in colloid fluids particularly efficient, for thick fluids of 
differential densities lend themselves less readily to mere mingling. We 
remember that it is by diffusion only that the stationary outermost cylinder 
of blood which wets the wall of the vessel is continually being changed. It 
is true that colloids are of low diffusibility, but by the salts their diffusion 
is promoted ; and the modern physical chemists find that, in respect of 
diffusibility, substances in solution behave as gases. Thus by variations in kind 
and quantity of saline content, some salts being positively, others negatively, 
^’iscous, continual activity in the blood is provoked; the proteid or colloid 
particles continually sliding along lines of least fractional resistance and, as it 
were at their thin edges, passing fractionally from suspension into solution. 
In an area of the circulation diffusion depends also, of course, on the velocity of 
the stream in that area. 

To attempt to pursue the several lines of these researches, the mechanical. 
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the electrical, the chemical, would carry us beyond our present purposes ; and 
it must be accepted that in the process of biological analysis the sepai-ation 
of the modes of energy by which the tissues of the body are woven, repaired, and 
demolished, and the concentration of the attention upon each severally, is 
an arbitrary convention by which we endeavour, and indeed are enabled, to 
apprehend and discriminate the lines and degrees of energy ; yet in these pai-tial 
reckonings we are not to forget the whole, not to lose comprehension of the 
blend of these various aspects, the merging of these functions the one into the 
other, the unity in complexity. Thus, in passing on from the mode of energy 
which we have called diffusion, the steps by which we advance to osmosis are 
imperceptible ; and onward again in the discussion of osmosis — i. e. the selective 
absorption by membranes from fluids, as contrasted with filtration through hypo- 
thetical pores — we shall soon And ourselves involved in certain other functions, or 
aspects of function, which under analysis must receive their several expression and 
recognition, such as the electrolytic or i*efractive coefficients ; as also in certain 
other conditions, such as resistance, pressure head, velocity ; and in certain other 
properties, such as volume, molecular and atomic weight, and so forth ; in manj^ 
forms of ubiquitous and protean but harmonious modes of energjq- incessantly 
transforming themselves the one into the other. Thus we may often interpret 
one by the other, as osmosis by refraction, or by electro-conductivity ; and thus it 
is that by electrolysis we obtain one more sorely needed method of measurement, 
electro-conductivity and osmosis being terms either mutually convertible, or of 
the same signiflcance, the electro-conductivity of a fluid being an index of its 
iimer friction. Although some years ago Starling, and other observers later, 
showed that colloids have, or may have, some slight electro-conductivity, yet, 
generally speaking, they are non-conductors, and their inner friction is high ; 
without the impulses of saline ingi'edients they are almost non-osmotic, and 
it is by this virtue of its colloids that the blood is protected against the 
continual fluctuations in the densities of its saline constituents. Still, as 
we have seen, while some electrolytes lower the viscosity of colloids, others 
raise it. 

Now, passing from the blood itself, we come to consider the relations of this 
complex fluid to the multiform cells of the body, for between these and tht; 
fluids, as Wajmouth Reid and others have shown, there is an incessant play 
of specific alternating phases, according to the wide differences in specific en- 
dowment of the cells, differences which, for lack of a better word, we may cjill 
vital; differences at any rate of internal structure whereby they exercise remark- 
able selective functions, so that only certain kinds of reciprocation, or physio- 
logical permeahilitj" (6), can take place in each area; the kidne3's selecting some 
ingi’edients, the pancreas others, the gastro-intestinal canal othei-s, and so forth. 
A most striking example of these ‘ vital ’ peculiarities is the acquired osmotic 
impermeability, for obvious purposes, of the health}- epithelium of the bladder 
in situ; a protective property which fails when the coat is injured or dc- 
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teiiorated.- So to remove the living epithelium from the intestine makes 
absorption not easier but more diSculE Again, in Eke maimer it is not easy 
on physico-chemical grounds to understand the transfer, by the renal mem- 
branes, of the urea from the blood, in -which the urea is in very low dilu- 
tion, to the urine, in which its proportion is high ; or again, their refusal 
of sugar, which is far more abundant in the blood than urea. Another physio- 
logical idiosyncrasy we shaE note presently in the red blood-cells. The 
specific build and reaction of the sundry tissue cells, the peculiar and comple- 
mentam- function of each, and the consequent various but in its concert 
complete and harmonious play -ndth the a^regate of the many foods and the 
mutual phases of the nutritive juices give us a notion, however inadequate, of 
the enormous power which these physico-chemical, and apparently also peculiarly- 
physiological, processes incessantly at work in the body must exert even under 
small changes of salt content : a notion likewise of the equilibrium so perfect in 
its evolution that in spite of the variety of ceE-structure and operation, of 
changing blood content, in spite of the strife of opposing tensions, of the caEs 
of the hormones, of the interventions of the nervous system, of the afiairs of the 
whole body engaged in its world, the osciUations in health are so smaE, and so 
perpetually balanced, as to maintain not only stabOity but a practical equi- 
librium: such an equilibrium, indeed, as to haSe the investigator in hu: 
endeavour to record them. Thus throughout this vast area of surface and field 
of reciprocal function there is a practical isosmosis and isoviseosity : although 
on the balance we must presume a sEght procEvity of osmotic pressure from 
tissues to blood in its mean between arterial and venous : and that the lymph 
on the balance must be slightly less -viscous — ^less coEoid — than the blood. 

And as -uitb these soEds and fluids as wholes, so with their parts: as 
between the corporeal cells and fluids, so between the blood corpuscles and the 
plasma, a continual osmotic (and nltra-pbysical 1) reciprocation is in play. 
Among them other endo-svments the blood corpuscles play a considerable part 
in the balances and reserves of the whole blood. Being permeable to some 
inorganic ions and not to others, under these infinences they change in form — 
sweE or shrink — according to the s-sdngs of plasmatic constituents ; so that on 
account of its corpuscles the -viscosity of the whole blood varies more than that 
of the plasma. We have seen that much of the -viscosity depends on the haemo- 
globin and gas content (1) : on the addition of CO^ the chlor-ions penetrate 
from the plasma into the coipnscles, so that their watery content increases, and 
the molecular concentration of the plasma increases. Sodium chloride is a most 
active ionizing and osmotic agent in the plasma. The plasma is more electro- 
condnctive, the corpuscles are more colloid, and, as aEeady stated, are permeable 
to some salts, not permeable to others. At present it would seem that by an 
ultra-physical — by some more complex biological (•' vital ’) — endo-wment of the 

* Up-oa the fnnctioa of lipoids as inrestmeats of or cle-vs anid the moleeales I hare not 
tonched, as I see the experts are not as jet in snbstantial agreement on this sahject. 
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corpuscular edge or ‘ membrane’ the inorganic constituents of the cells and the 
plasma stand various and unequal ; the coi-puscle being rich in potassium and 
phosphate, the plasma in sodium and chloride (6). It is at this boundary, in 
its origin almost ideal, that we note the initiation of inhibition, the fundamental 
character of organized life, of survival by an economic faculty preventing 
dissipation of energy, and storing it for larger and farther ends. For this 
auto-limitation, viscosity and friction, by retarding physico-chemical processes, 
give the conditions.^® And it is here that for a moment we may glance again 
towards one of the most practical problems of the clinical physician, at the 
resources of the body, its reserves, or potential. In advancing years we suspect 
that the tissues become less permeable ; osmosis is less active, less free ; but to 
equalize the rises and falls of viscosity, or osmotic tension, the cells must be 
readily pervious to water. For example, in laboratory experiments with yeast, 
the cells must be fresh, ‘hatched’ within an hour or two ; cells of the day before 
are far less sensitive. 

It has been said that for reserve or discharge the secretions and excretions 
by their fluidity or viscidity play a large part in equalizing viscosity ; of these 
the pai't of the urine must be important, if not the chief; to the urine, therefore, 
no little attention has been given, and much help was anticipated by v. Korfinyi 
and others from cryoscoiyy in estimating these exchanges. Unfortunately, Kose 
Bradford,^^ Sir James Barr, in private letter, Sahli,^^ Winternitz,^® and other 
careful observers have found its indications, which of course fluctuate largely in 
health, unavailable, at any rate in this respect ; as likewise with those of electi'o- 
conductivity. It tells us no more than the concentration at the moment of the 
dissolved substances, and we get no more out of it than out of specific gravity. 
To weigh the ashes of a locomotive does not go far in a computation of its 
efficiency. For instance, if the kidneys fail to carry off the waste products the 
molecular concentration of the blood, and therefore its freezing-point, should rise, 
and its electro-conductivity fall ; but ' other variables are such that even in 
uraemia this is not regularly the case ; and cryoscopy of the urine, and conversely 
of the blood, fails to tell whether after operation on one kidney the other is 
healthy or not. To test the concentration of the blood, and so indirectly the 
renal efiiciency, by cryoscopy needs a venesection of 20 cm. And it seems to 
me that even then it would be impossible to exclude falls of concentration due 
to variations of cardiac energy or other causes of rising venous pressures. If 
electro-conductivity should fall independently of the freezing-point it would 
suggest a retention of organic molecules. A little proteid, however toxic, would 
scarcely alter the freezing-point. The freezing-points of the whole blood and of 
the plasma are practically identical; suspended particles make no difference, 

For an interesting study of these phases, see F. H. Garrison, ‘ Physiologj’ and the Second 
Law of Thermo-dynamics,’ h’cip Yorh Med. Journal, Sept. 25, 1900. 

" Allbutt and Eolleston, System of Medicine, edit. 2, iv, pt. i, 535. 

Klin. Methoden, edit. 5, 1909, ii. 748. Sahli criticizes v. Kordnyi’s methods as fallacious. 

In Krause’s Lehrhuch, 1909, 259-60. 
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quartz dust for instance suspended in a similar solution makes no difference; 
but the conductivity on the contrary of the whole blood is but half that of 
the serum from which the corpuscles, which obstruct conduction, have been 
removed. 

On the sum of such data as these which we have been considering Du Pre, 
Denning, and Watson (16) formed the provisional opinion that viscosity seemed 
to be not an independent but a dependent variable ; one not dominant in the 
circulation but by its adaptive changes contributoiy to the maintenance of its 
consistency and efficiency. At present, indeed, it is not clear from what has gone 
before that in pathological states its adaptations are beneficial always ; but with 
so much that is obscure or even contradictory in the evidence wo must for the 
present hold our judgement in suspense. From these inconclusive data and still 
speculative notions, vitally important as the facts may be, and enlarging as 
these concepts are to our phj'siological vision, it must be admitted that no 
principles can as yet be formulated for application to practical medicine. 
Although, as Hess says (20), (other things being equal) a stickier blood must 
increase the burden of the heart on both sides, yet it is true that this variable 
quality may be met by so many readjustments as to be virtually a constant. 
If a thicker blood flow more slowly water will soon gather in the body ; if a 
thinner and less valuable blood flow more rapidly the urinary effluent will soon 
be increased, and the normal viscosity restored. Yet a thinner blood, if, as is 
probable, it be in larger mass, and if, as less nutritious per unit, it be run at 
greater speed, and such with equal aortic pressure would be the case, the heart 
would be no less burdened ; though not necessarily with any rise of blood- 
pressure. It is said that injection of gelatin into a vein produces no rise of 
blood-pressure. I am still disposed to think that a superviscous blood may be 
concerned in some modes of arterial strain. 

Further research on this subject will lead, I believe, to some clinical and 
therapeutical results. For there is some evidence that in abnormal states these 
readjustments, in health so ready, in disorder may lag ; it is alleged, for instance, 
that in the state of excessive blood-pressure described independently by Huchard 
and by myself in 1893-4' as precursory of arterio-sclerosis, and named by me 
Hyperpiesis, by Huchard Prcsclerosis, the viscosity of the blood is, or may be, 
raised ; the observations on this point are however as yet too few and too lacking 
in authority to ertablish a I’ule. The difficulty of attaining to exact Icnowledge 
in this matter is illustrated by the uncertainty'^ which in these respects still sur- 
rounds the effects of iodide of potassium upon the arterial circulation. Wc 
hiivc noted how tenaciously', in spite of the lack of definite evidence of its mode 
of action, clinical practitioners cling to the prescription of this salt in ‘ arterio- 
sclerosis and this in justifiable disregard of pharmacological opinions — justifi- 
able, that is, if it appears to them that the clinical effects are decisively in its 
favour. Yet so fiu- as experiment upon noimal men and animals has gone, little 
evidence of the effect of moderate doses of iodide of potassium in reducing 
viscosity of the blood has been obtained. Ottfried Muller and Inada,(30) whose 
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researches were carried out under Romberg’s supervision (Hirsch and Beck’s 
instrument), found that the iodide had a ‘ favourable effect upon arterio- 
sclerosis ’, (33) not by any effect upon the vessels but upon the bloo'd viscosity, 
which in 9 out of 11 men was reduced in degrees from l-t to 8-3 per cent. 
They stated, moreover, that they had demonstrated a gain of four seconds in 
stream velocity. But on the other hand Adam, (1) who administered potassium 
iodide in full doses — i.e. 45 grains a day — found a reduction of viscosity in only 
6 of 30, and that doses of 20-30 grains made no difference at all ; Determann 
likewise has been unable to detect any reduction of viscosity under the salt. 
Tn vitro it is well known that iodide of potassium reduces viscosity in watery 
solutions of serum-albumin, and in blood plasma ; and we have recognized 
the large effect which a relatively small reduction would have on the whole 
blood. The conflict of evidence as to the effect of the iodides may be due in 
part to a time difference ; or possibly to an alleged effect of potassium salts, 
when injected into a vein, of constricting the arterioles. Thi.s property, if such it 
be, appears not to have been taken into consideration. In the discussion at the 
Wiesbaden Congress (1909) to which I have refeiTed, Umber of Altona said that 
in his wards Jorns, in a long series of cases, had noted reductions of viscosity 
on administration of the iodides in no very large doses but over long peiiods of 
time. Boveri(8) administered iodine compounds to twelve persons with ‘ hyper- 
tension’, some with and some without arterio-sclerosis, and tested the whole 
blood, and the serum, at intervals of 10, 20, 30, 40 days. In eight of the 
cases there was a fall of viscosity from 10 per cent, downwards. The differences 
are not lai’ge, and (in my summary, at any rate) the hours of the day on each 
examination are not mentioned. On the whole Boveri says there seems to 
be a parallelism between arterio-sclerosis — presumably that consequent upon the 
‘hypertension’ — and the viscosity of the blood, and (contrariwise) iodine 
ingestion. But it is to be observed that these falls were in the whole blood, 
the serum in all the cases being recorded as stationary ; the effect, therefore — if 
the effect were substantial — was in the proportionate number of corpuscles, or the 
quantity of haemoglobin. It has been suggested that a comparison of the blood 
of Graves’s disease and of myxoedema, and again of the blood before and after 
thyroid operation, might throw some light on the iodine charges. A few experi- 
ments upon animals by Burton-Opitz and others seem to indicate some 
pathological fluctuations of this kind. 

Mineral waters, as affecting blood viscosity, have received some attention, 
and are credited with some power of reducing it. This effect seems to have 
been noted chiefly in those big feeders and plethorics who frequent such 
resorts, and whose blood, as we have seen, is alleged to be overviscous. If this 
prove to he true, both as to the hyperviscosity and the relief of it, we shall have 
gained a very useful indication for scientific treatment. 

In the study of the effects of baths a few investigations have been made by 
Determann and others. In these external applications of air, water, light, &c., 
the action of the vasomotor system and the partial distributions of the 
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Now, as the fine vessels of the lungs are of comparatively constant radius, 
excessive internal friction must tell more immediately on them. We are little 
able to measure this effect directly, but in practice we meet daily with cases of 
gradually encroaching cyanosis, due primarily to bronchial, emphysematous, 
or more general causes, which lead to or are associated with dilatation of the 
right side of the heart. It seems pi’obahle that in these cases, as in other 
multiples of cyanosis, among many co-operative factors, increments of viscosity 
may play no inconsiderable part. 
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THE mFLUENCE OF BACTERIAL EMULSIONS ON 

PHAGOCYTOSIS 


By F. GOLLA 

(From the Department of Chemical Pathology of the Physiological 
Laboratory of London University) 

The effect of the presence of bacterial emulsions on the phagocytic power of 
leucocytes does not appear to have received much attention. It is, however, 
obvious that the opsonic theory rests upon the tacit assumption that the presence 
of bacteria in an emulsion containing leucocytes does not in itself affect the phago- 
cytic activity of the leucocyte. 

This paper contains an attempt to estimate the effect of bacteria on phago- 
cytosis, and it is claimed that the results obtained are such as to make the theory 
of opsonins untenable. 

Technique. To measure the phagocytic activity it was necessary to select 
as a food-stufl[' some substance that could not be chemically altered and that was 
incapable of physically absorbing the supposed opsonic bodies. For this purpose 
fragments of charcoal or the pai-ticles of melanin used by Dudgeon in his experi- 
ments on phagocytosis are obviously inadmissible. After some experiments 
with rouge and various fine chemical precipitates, carborundum was finally 
selected. This substance can be readily obtained in the shape of small glistening 
crystals with an average cross-section of about five to eight ix. They can be very 
readily detected as brilliant refractile bodies in the cell, and practically no difficulties 
can arise in the enumeration when a not too thick emulsion is used. In all the 
experiments very much larger quantities of material were used than are adopted 
in the routine per-formance of opsonic counts, 0-1 c.c. of serum was mixed with 
equal volumes of a white cell suspension and an emulsion of carborundum in 
normal saline. Tap-water was always used for the normal saline solution : pure 
sodium chloride in distilled water is toxic to the leucocytes, and the phagocytosis 
is much less than when tap-water saline is used. When bacterial emulsions were 
employed, the serum was treated with an equal volume of these suspended in normal 
saline. The mixtures were always intimately mixed by blowing bubbles of air- 
through them befoi-e being sucked up into Widal pipettes for incubation. This is 
a verj- necessary measure, as the carbor-undum par-tides readily tend to subside 
at the bottom of the mixture. In order to ensure unifoi-m distribution of the 
carbonrndirm during incubatiorr the sealed Widal pipettes were inserted in com- 
pn.rtnrcnts of a wheel driven b^' a clockwork motor revolving four times a minute. 
Incubation was carried on at 37° C. for about half an hour, and at the end of this 


(Q. J. Wh Arfil.iOH’l 



INFLUENCE OP BACTERIAL EMULSIONS ON PHAGOCYTOSIS 369 


period the tubes were removed, and their contents were blown out on large slides, 
fixed in formalin and stained with carbol thionin. No attempt was made to secure 
a conglomeration of the leucocytes at the edge of the film, as it was found that the 
accuracy of the counts was very considerably enhanced when the leucocytes 
were distributed over thin and even films, although the labour of counting was of 
course very greatly inci'eased. Leucocytes do not so readily take up the large 
and heavy carborundum particles as they do the small and light bacteria, and the 
number of cells containing carborundum crystals is seldom, even after an hour’s 
incubation, gi-eater than 80 per cent, of the total number of cells. This statement 
would of course be capable of modification by any one using a more finely divided 
carborundum than that which I found to be convenient. In my preparations 
only a small minority of the carborundum-containing cells had more than one 
contained crystal, and phagocytic activity was therefore measured by estimating 
the number of cells which had taken up carborundum, and not, as in the opsonic 
method, by the mean number of particles absorbed per cell. It is obvious that 
for such a method to give accurate results a very large number of cells must be 
counted, as against the standard sixty leucocytes of opsonic determinations, and 
it was the rule to count 500 cells in each slide. As the experiments were 
always done in duplicate, a comparison of two sera involved the counting 
of a minimum of 2,000 cells, and often more than one slide for each preparation 
was made. An analysis of counts with good clean films shows that the mean error 
of counting is not above 2 per cent., and in a number of comparisons of difierent 
preparations made from the same seia and emulsions it was found that the 
mean eiTor in such comparisons was about 5 per cent., though with good 
preparations it was of course considerably less. 

The influence of hactena on phagocytosis in normal saline. Hamburger 
has shown that phagocytosis of charcoal particles occurs readily in normal saline, 
and by this method has measured the effects on phagocytic activity of solutions 
of different concentrations. The phagocytosis of carborundum particles in normal 
saline, however, is slight, and this method is not adapted for demonstrating readily 
the inhibitory action of bacteria on phagocytosis. In the trials made, however, 
such an inhibitory influence could be clearly seen. 

Experiment, To a volume of washed corpuscles in 6 per cent, sodium 
chloride an equal volume of a suspension of washed bacteria in saline solution 
of the same strength was added. A control preparation of cells and an equal 
volume of plain normal saline were made. To each preparation an equal volume 
of a suspension of carborundum in normal saline was added and the preparations 
■were incubated in Widal tubes for thirty-five minutes. 

Noi-mal saline, cells, carborundum. Phagocytic index = 1. 

Tubercle emulsion, cells, carborundum. P. index =0-32. 

Staphylococci emulsion, cells, carborundum. P. index = 0-3. 

Typhoid emulsion, cells, carborundum. P. index = 04-3. 

Diphtheria emulsion, cells, carborundum. P. index = 0-81. 

The phagocytosis of carborundum crystals in the presence of normal serum 
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is far greater than that in saline solutions, though owing to the protection 
afforded by the serum to the leucocytes, proofs of which will be given later, the 
diminution of phagocytic activity due to the presence of bacteria is less marked. 

The following experiments are given .from a very large number, in all 
of which the inhibitory action of different bacterial emulsions on phagocytosis 
could be shown. 

(a) Equal volumes of serum, normal saline. Carborundum emulsion gave 

phagocytic index of = 1. 

Substitution of emulsion of Staphylococcus aureus for normal saline. Phago- 
cytic index = 0-7. 

Same experiment but with bacillaiy emulsion double strength. P. index=04'. 

(b) Tubercle emulsion substituted for normal saline. P. index = 0-8. 

Samq experiment but double strength of tubercle emulsion. P. index =0-7. 

(c) Emulsion of BaciUus typhosus substituted for normal saline. P. 

index = 0-6. 

Similar inhibition of phagocytosis was verified for B. coli, Pneumococcus 
pneumoniae, B. diphtheria, and Streptococcus pyogenes. 

The j)rotcctive action of the serum against the anti-phagocytic effect of bacterial 
emulsions. Carborundum phagocytosis is markedly diminished when serum heated 
for fifteen minutes at 60° C. is substituted for normal serum. In bacteriological 
parlance this would be said to be due to destruction of 'stimulins’ at that 
temperature. The changes that have been observed in surface tension in heated 
serum ■would lead one to suspect that the explanation may be expressed in more 
precise physical tei-ms. If the diminution of phagocytosis of carborundum be 
compared when two cell and normal saline preparations are severally incubated 
■with unheated and heated serum, and again when two cell and bacterial emulsion 
preparations are similarly incubated ■ndth heated and unheated scrum, it will be 
found that the phagocytic index is proportionately more reduced in the bacterial 
preparations than in those made with normal saline. Thus : — 

Equal parts of cell emulsion, fresh serum, and normal saline, incubated ■vs’ith 
carborundum. Phagocytosis=15 per cent. P. index=l. 

Equal parts of cells, tubercle emulsion, and fresh serum, incubated ■vs-ith 
carborundum. P. = 9 per cent. P. index = 0-6. 

Equal parts of cells, heated serum, and normal saline, incubated -with carbo- 
rundum. P. = 7-6 per cent. P. index = 1. 

Equal parts of cells, heated serum, and tubercle emulsion, incubated with 
carborundum. P. = 4-1 per cent. P. index = 0-53. 

The protective body in the serum combine.? with the bacteria. If bacteria 
are treated -with normal scrum and then washed free from serum, and then 
suspended in normal saline and mixed with equal volumes of a cell carborundum 
emulsion, it wRl be found that a much greater carborundum phagocytosis takes 
place than in the presence of an equal quantity' of bacteria ■n'hich have not been 
subjected to the action of serum. Inasmuch as more of the treated bacteria are 
taken up by the leucoc 3 'tes, thi.s experiment incidentally furnishes an answer to 
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an objection that might have been suggested by the earliei’ experiments quoted — 
that the phagocytosis of bacteria might mechanically impair the phagocytosis of 
carborundum. 

The protective body of normal serum is not present in heated serum, but 
when bound to the bacilli it cannot be displaced by heating. Equal volumes of 
bacterial emulsions were treated with normal and heated serum respectively: 
after fifteen minutes’ incubation the serum was washed off and the washed 
bacteria suspended in equal volumes of normal saline. The suspensions were 
heated to 64° C. for fifteen minutes and then incubated with equal volumes of cell 
emulsion and normal saline. 

(a) Tubercular emulsion treated with normal serum, washed, heated, and 
incubated with cell carborundum emulsion. Phagocytosis =53 per cent. 

Tubercle emulsion treated with heated serum, washed, heated, and incubated 
with cell carborundum emulsion. P. = 37 per cent. 

(b) B, Gaertner bacillus was treated with heated and unheated serum 

in the same way as in the above experiment. Three separate prepara- 
tions were made with heated and unheated serum I’espectively. In 
this case the serum was that of an immunized rabbit, rich in antitoxin 
to B. Gaertner, given me by Dr. Slater. 

Three Gaertner emulsions treated with unheated immune serum, washed and 
heated and incubated with equal volumes of cell carborundum emul- 
sions. P. respectively = 24, 24, and 20 per cent. 

B. Gaertner emulsion treated with heated immune serum, washed, heated, and 
incubated with equal volumes of cell carborundum emulsion. P. = 19, 
17, 17'3 per cent, respectively. 

B. diphtheria was similarly treated with heated and unheated serum. Fresh 
antidiphtheritic horse serum was used. 

Two portions of emulsion of B. diphtheria treated with fresh immune serum, 
washed, heated, and incubated with cell carborundum emulsion. P.=75 
and 79 per cent, respectively. 

(c) Two emulsions of B. diphtheria treated with heated immune serum, 

washed, and heated. Incubated with cell carborundum emulsion. P.= 
47 and 48 per cent, respectively, 

A more convenient and accurate method was found to be that of allowing 
the serum to i-emain during the incubation. Thus : — A volume of bacterial 
emulsion was treated with normal serum, incubated for fifteen minutes at 37° C. 
and the mixture eventually heated for fifteen minutes at 64° C. An equal volume of 
emulsion was heated for fifteen minutes at 64° C. and incubated for another fifteen 
minutes at 37° C. together with an equal volume of serum which had also been 
previously heated at 64° C. for fifteen minutes. The two prepared emulsion-s 
were now incubated with a cell carborundum mixture. 

(a) Two portions of tubercle emulsion treated as described with previously 
unheated serum and incubated with cell carborundum emulsion gave 
phagocytosis of 61 and 63 per cent, respectively. 
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Two emulsions of tubei'cle treated ^Yith previously heated serum and 
incubated -with cell carborundum emulsion gave phagocytosis of 43 
and 44-5 per cent, respectively. 

(b) Staphylococcus aureus emulsion treated with previously unheated serum 

as described. P. = 65 per cent. 

Staphylococcus aureus treated with previously heated serum. P. = 45 per cent. 

(c) Diphtheria emulsion treated with previously unheated serum as described. 

P. = 45 per cent. 

Diphthei'ia emulsion treated with previously heated serum. P. = 35 per cent. 

Equal volumes of normal saline treated with heated and unheated serum in 
same fashion as diphtheiitic emulsions gave phagocytosis 51 and 49 per 
cent, respectively. 

These expeiiments have been confirmed by a number of others using the 
same micro-organisms. 

The antiphagocytic action of bacteria depends upon their bodily presence in 
the fluid containing the phagocyte, and on incubation with serum they do not 
give off anj' antiphagocytic substance to the serum. Numerous experiments 
with various micro-organisms have been conducted in order to elucidate this 
point. Emulsions of bacteiia were incubated with serum and, after a varying 
length of time, centrifugalized off. Serum so treated had no inhibitory action 
on phagocytosis when compared with equal volumes of serum treated with 
normal saline instead of bacterial emulsion. It appears to be unnecessary, there- 
fore, to give a list of the negative results that have been invariabty obtained. 

The substance of normal serum combining with the bacteria and neutral- 
izing their antiphagocytic power is not specific. It has already been shown 
that the neutralizing substance of normal serum combines Avith the bacteria 
in such a fashion that it cannot be washed away and the resulting combination 
is resistant to the action of heat. In order to find out Avhether this body com- 
bining with different micro-organisms was the same in every case, numerous 
experiments were performed in Avhich normal serum was allowed to act on 
bacterial emulsions, and after the micro-organisms had been centrifugalized off, 
emulsions of the same or different bacteria were added to the serum and the 
efiect on the phagocytosis of carborundum noted. A few of the experiments 
performed are recorded below. 

Five equal volumes of noiinal serum were taken. Sera A, B, and C 
were incubated for fifteen minutes with equal volumes of noiinal saline. Sera 
D and E were incubated with an equal volume of typhoid emulsion for fifteen 
minutes. Sera D and E Avere then centrifugalized and from each of the five sera 
an etiual volume was withdrawn and placed in separate capsules. To capsule A 
Avas added an equal volume of normal saline, to capsule B an equal volume of 
typhoid emulsion, to cap.sule C an equal A’olume of tubercle emulsion, to capsule 
D an equal A-olume of typhoid emulsion, and to capsule E an equal volume 
of tubercle emulsion. To each capsule equal volumes of leucocytic and 
carborundum emulsions AA'crc now added, portions from each capsule were 
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drawn off in Widal pipettes, incubated for tbirty-five' minutes, and films made. 
The phagocytosis was found to be as follows : — 

A. Saline, serum and saline. Phagocytosis = 50-5 per cent. 

B. Saline, serum and typhoid emulsion. P. = 4S-5 per cent. 

C. Saline, serum and tubercle emulsion. P. = S5 per cent. 

D. Emulsion of typhoid (centrifiigalized), serum, tubercle emulsion. P. = 

36 per cent. 

E. Emulsion of typhoid (centrifugalized), serum, typhoid emulsion. P. = 

S5 per cent. 

It will be seen that in this experiment, deducing the inhibitory power of 
the tubercle emulsion as 15 by subtracting result C from result A, and assigning 
to the typhoid emulsion an inhibitory value of 7 by subtracting result B from 
result A, we should then expect to find the inhibition values of the typhoid 
tubercle, preparation D, to be equal to 15 + 7 = 22, and in practice the value 
obtained is 24*5. The inhibitory value of the typhoid, typhoid preparation E, 
should be 7 + 7 = 14, and in practice "we find 15. This experiment furnishes 
conclusive evidence that the body neutralizing the antiphagocytic power of 
bacteria is not specific as regards typhoid and tubercle. 

Another experiment with Staphylococcus aureus and tubercle may be 
quoted, the procedure being the same as in the experiment above described. 

A. Saline, serum, saline. Phagocytosis = 43 per cent. 

B. Staphylococcus emulsion (centrifugalized), serum, tubercle emulsion. 

P. = 30 per cent. 

C. Staphylococcus emulsion ' (centrifugalized), serum, staphylococcus emul- 

sion. P. = 20 per cent. 

D. Tubercle emulsion (centrifugalized), serum, staphylococcus emulsion. 

P. = 31 per cent. 

E. Tubercle emulsion (centrifugalized), serum, tubercle emulsion. P. = 

36 per cent. 

F. Saline, seium and tubercle emulsion. P. = 39 per cent. 

G. Saline, serum, staphylococcus emulsion. Film damaged through 

accident. 

Similar results were obtained with emulsions of staphylococcus and typhoid 
and with tubercle and streptococcus. In all cases no evidence of any specificity 
of the neutralizing power of normal serum on the antiphagocytic action of 
bacteria could be obtained. 

The neutralizing power of normal serum on the antiphagocytic action of 
micro-organisms is the same in any two or more normal serums for any definite 
micro-organism. The truth of this statement has been proved by numerous 
experiments. As, however, working with the relatively large amounts of serum 
used, it is difficult to obtain sufficient leucocytes to investigate more than six 
sets of sera at a time, the groups of expenments have had to be numerous and 
do not lend themselves to exposition within the limits of a short paper. 

In sera taken from pathological cases, the neutralizing power of the serum 
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may differ from that of normal serum with regard to the specific organism 
causing the disease in any one case. Further variations of neutralising power 
may be brought about in pathological sera bj' vaccination with the specific 
micro-organism, and such variations may be shown to agr-ee with similar 
variations observed in the opsonic index. In proof of these statements a series 
of isolated observations on cases of disease and some continrrous ones on the 
effect of inoculation are appended. Where opsonic determinations have been 
made, these are added. In aU cases the amount of phagocytosis is expressed in 
terms of the phagocytosis with normal serum, which is taken as uirity. The 
opsonic indices were kindly done for me by Dr. Hunt of the St. George’s 
Hospital bacteriological department. In all cases when two or more sera were 
compared the leucocytic emulsion was made from the cells of a third normal 
subject. It must be remembered that, as the periods of incubation in the 
opsonic and in the carborirndum phagocj’tosis experiments are purely arbitrary 
and bear no necessary relation to the optimum period of time for showing the 
maximum difference in either case, the results can only be expected to show 
a variation in the same direction, and it will be seen that they do so with a far 
greater frequency than could be expected were the relation purely one of 
coincidence. 

(1) Tuberculous woman (slight pulmonary affection). P. index = 0-84. 

Opsonic index = 0-9. 

(2) Woman (tuberculous shoulder). P. index = 1-37. Opsonic index = 1*25. 

(3) Woman (bad case of phthisis). P. index = 0-97. Opsonic index = 0-98. 

(4) Man (recovering from malignant endocarditis). Own bacteria used for 

emulsion. P. index = 0-85. Opsonic index = 0-9. 

(5) Tuberculous man. Phthisis (losing ground). Compared with mean of 
three normal sera. P. index = 0-58. 

(6) Man. Staphylococcic infection (convalescent). P. index = 2-5. Opsonic 
index = 2-0. 

(7) Tuberculous woman (phthisis). Before and 48 hours after injection 

of 0-001 mg. O. T. 

Before — P. index = 0-9. Opsonic index = 2-0. 

After — P. index = 1-3. Opsonic index = 2-3. 

(8) Rabbit immunized with typhoid and agglutinating t 3 'phoid bacteria 

strong!}', had been kept for a year for Widal reactions. P. index 
against normal rabbit (cells of thii-d rabbit used) = 1-7. 

(9) Case of phthisis. Before and 48 hours after injection of 0-001 0. T. 

Before — P. index = 1. Opsonic index = 1-4. 

After — P. index = 2. Opsonic index = 2-3. 

(10) Young man with acne. Pure staphylococcus cultivated from pustule.s 
from which a vaccine was prepared. Before and 48 hours after 
vaccination of 300,000,000 cocci. 

Before — P. index = 1-1. 

After — P. index = 0-7. 



INFLUENCE OF BACTERIAL EMULSIONS ON PHAGOCYTOSIS 375 


(11) Case of pneumonia, 48 hours after crisis. P. index = 1*3. 

(12) Case of pneumonia, 8 days after crisis. P. index = 1. 

(13) Young man suffering from acne. Staphylococcus griseus alone culti- 
vated from pustules. Vaccine prepared. Also emulsions for opsonic 
and phagocytic determinations. 

Jan. 9, 1911. P. index = 1-15. Opsonic index = 1-05. Injection of 
100,009,000 cocci given. 

Jan. 10. 24 hours after injection. P. index = 0‘5. Opsonic index = 0-85. 

Jan. 13. 72 hours after injection. P. index=0-95. Opsonic index — 0-85. 

Jan. 16. P. index =0-97. Opsonic index=0-95. Injection of 200,000,000 
cocci. 

Jan. 17. 24 hours after injection. P. index=0‘85. Opsonic index =:1'25. 

Jan. 19. 72 hours after injection. P. index not taken. Opsonic index 

= 1.35. 

Jan. 23. P. index = 1-1. Opsonic index = 1. Injection of 500,000,000 
cocci given. 

Jan. 24. 24 hours after injection. P. index=0.3. Opsonic index=0.65. 

Jan. 26. P. index = O-O. Opsonic index = 0-95. 

(14) Case of typhoid (two weeks after defeiwescence). P. index = 1*3. 

The above list of cases includes all those done with pathological material. 

A pathological rise of the phagocytic index appears to be specific. That is, 
the neutralizing power of the serum towards the antiphagocytic action of 
bacteria is heightened only for the bacteria which have caused the specific 
malady from which the patient suffers. When the neutralizing power of the 
serum is lowered, this lowering does not appear to be specific, but the phago- 
cytic index is lowered to other non-specific bacteria. If this assertion can be 
justified it would appear that when the phagocytic index is raised, a new 
specific neutralizing body differing from the non-specific body of normal serum 
has made its appeai’ance. A lowering of the phagocytic index on the other hand 
implies a diminution in the amount or potency of the non-specific neutralizing 
substance present in normal serum. It must be admitted that these assertions 
rest on slender evidence, as up to the present only four experiments have been 
performed. 

(a) Serum of a man recovering from staphylococcic infection gave a phago- 
cytic index of 2-5 with emulsion of his own cocci. 

Same serum gave with an emulsion of tubercle bacilli an index of 1. 

(b) Serum of pneumonia case, 48 hours after crisis, gave to pneumococcus 

emulsion P. index = 1.4. 

Same serum with tubercle emulsion gave index of 1*1. 

(c) Serum of acne case after vaccination gave to emulsion of own cocci 

P. index = O-S. 

Same ease with an emulsion of B. coli gave P. index = -56. 

Case of tuberculosis gave with tubercle emulsion P. index = 0-84. 

Same serum with pneumococcus emulsion gave P. index = 0-9. 
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The results of the experiments given in this paper tend to show that 
a much simpler explanation can be given of the opsonic phenomenon than that 
generally accepted. Bacterial emulsions have been shown to have a decidedly 
inhibitory influence on the phagocytic activity of leucocytes, normal serum has 
been shown to have the power of protecting the leucocytes against this anti- 
phagocytic influence. Heated serum appears to have no protective power on 
phagocytosis in the presence of bacteria. The protective substance forms a 
thermostable combination with bacteria. The protective substance, of normal 
serum is not specific, and the same absence of specificity has been shown b}' the 
experiments of York and Smith, in contradiction of the earlier work of Bulloch 
and Westei-n, to be true of the so-called opsonins. 

Pathological variations in the phagocytic index have been shown to corre- 
spond roughly with the opsonic index, and such variations in both indices may 
be caused by vaccination with the appropriate micro-organism. 

There is some evidence that the excess of protective substance in sera 
giving a high phagocytic index is specific to the micro-organism with which 
such a high index is associated, and the same statement has generally been made 
of the opsonic index. 

It would appeal', therefore, that the cause of variation in the phagocytosis 
of the chemically inactive carborundum crystals and of bacteria in the presence 
of bacterial emulsions must therefore be assigned to one and the same cause, 
that is, to variations in the protective power of the serum for leucocytes against 
the toxic antiphagocytic action of bacterial emulsions w'hich are present in both 
cases. The con-espondence between the two methods of estimation, carborundum 
and bacterial phagocytosis, would be more striking were it not for the fact that 
the heavy carborundum pai-ticles are capable of being ingested in the presence 
of neutral or unfavourable media, such as normal saline and heated serum, 
whilst the lighter and smaller bacteria escape ingestion, and secondly, that 
owing to the large-sized particles used the smaller leucocytes do not as a rale 
exhibit carborundum phagocytosis, hence there is always a considerable number 
of empty cells in a carborundum phagocytic count under conditions in which 
practicall}' every leucocyte would have ingested bacteria to its full capacity. 
This dilTercnce would probably disappear Avere smaller particles of carborundum 
adopted and counts of the percentage of ingested granules per cell made. 

In conclusion, I haA^e to thank Dr. Slater, Director of the St. George’s 
Hospital bacteriological laboratorj', for his kindness in providing me with 
material, and Dr. Hunt for haA’ing performed numerous opsonic determinations. 
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TUBEECULIN IN THE DIAGNOSIS AND TEEATMENT 

OF TUBEECULOSIS 

By E. C. HORT 

The administration to man of artificially prepared tuberculin has run 
a strangely chequered course. Welcomed with untempered enthusiasm when 
announced by Koch in 1890 as a cure for tuberculosis, tuberculin was not long 
in falling into a disrepute that was due even more to imperfect knowledge 
of its powers than to the scathing attacks of Virchow and his many followers. 
To-day, thanks to a host of investigators, we see it fast gaining the position 
which Koch later claimed for it as a valuable guide to diagnosis and treatment. 
Of that there can be no question. Any lingering doubt as to the usefulness 
of tuberculin must disappear on careful study of the innumerable records which 
the years have accumulated. 

Tuberculin then has justified itself, and Koch. This is not, however, to 
admit that it has no drawbacks or dangers, or that it may safely be recom- 
mended for indiscriminate employment. On the contrary, its use is beset with 
difiiculties, a complete and final solution of which we are very far from having 
attained. Nor can it be said that these difiiculties have always received the 
attention which their collective importance demands. Advocates of tuberculin 
have not always been careful not to overstate their case. Even the best text- 
book on the subject, that of Bandolier and Roepke, is not guiltless in this 
respect. The extraordinary diversity of opinion that prevails as to many 
practical points in its administration is eloquent of the complexity of the 
problem. Thus, to quote a few examples only, we are told by competent 
observers that efficient and safe dosage should not exceed a small fraction of 
a milligramme of tubei’culin T. R. Equally competent workers report that for 
years they have given with safety and good effect the much stronger prepara- 
tion T. 0. A., in doses half a million times as great. Each worker believes the 
preparation he has adopted to be the best, yet there are at least six various kinds 
of tuberculin in common use. A declares that even in minimal doses tuberculin 
should only be administered under the strictest clinical control ; B affirms that 
relatively enormous doses require no control beyond that afforded by casual 
dispensary inspection. The clinical expert relies on his clinical experience to 
tell him if his administration is correct ; the expert of the laboratory declares 
that as a guide the reaction of the living body is nothing, the reaction of the 
test-tube all. Calmette teaches us to lean for diagnosis on instillation into the 
conjunctiva, von Pirquet tells us to trust to scarification of the skin, Koch to 

[(?. J. M., AprU, igu.] 
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subcutaneous injection. One authority advises that tuberculin administration be 
resei'ved for special cases, another that not to use it on a large scale amounts to 
criminal neglect. 

Clearly some definite pronouncement on these and other points, where 
definiteness is possible, is needed, together with a distinct statement of all such 
drawbacks to tuberculin, and limitations to its use, as have been revealed by 
experience. To furnish this practical guidance in broad outline is the chief 
object of this paper ; fuller detail is readily to be found in numerous com- 
munications by acknowledged experts. I start with the assumption that while 
tuberculin is not, and never can be, a panacea for tuberculosis, its value both in 
diagnosis and treatment has been definitely established. I do not propose to 
discuss the relative merits of the many fonns of tuberculin now to be obtained, 
because as we do not know the real nature of any fonn of tuberculin, nor its 
precise mode of action, the choice of preparation cannot as yet pretend to be 
anything more than empirical. In general tenns, it may be said that for 
diagnostic purposes preference is usually given to the old tuberculin (T. O. A.), 
and for therapeutic purposes to the same preparation, as well as to the new 
tuberculin (T. R.) or the emulsion (B. E.). 

1. How to use Tuhefi'culin in Diagnosis. 

The object of the administration of tuberculin is, of course, the production 
of a recognizable reaction. Four kinds of reaction are possible, and aU of them 
are of seiwicc in varying measure as accessories to diagnosis. They are : — 
(1) Tlie local reaction, the reaction at the site of inoculation. (2) The focal 
reaction, the reaction at the focus or foci of disease. (3) The general reaction, 
fever, headache, acceleration of pulse-rate, and other signs of mild intoxication. 
(4) The reaction in vitro of certain of the body fluids, seinm, blood, urine, milk, 
&c., to artiflcially prepared reagents of the laboratory. 

In order to use tuberculin to the best advantage in diagnosis we must know 
not only how to interpret these reactions, but on what interpretation is based. 

With regard to the local and focal reactions we have only recently begun 
to study immunity reactions in tissues other than the blood. We are now 
beginning to realize that the local and focal reactions are the expression of 
an increased susceptibility of the tissues of a tuberculous subject, to the action 
of a substance to which before infection there was little or no susceptibility. 
The local and focal reactions of tuberculosis are in fact an excellent example of 
that lowered resistance to the disease on which increased resistance ultimately 
depends. Anaphjdaxis, indeed, is one of the economy’s greatest weapons in 
prophylaxis and in cure, and is of a highly specific nature. It is the detection 
of the anaphylactic state that is the basis of the diagnostic use of the local and 
focal reactions caused by tuberculin administration. It is the utilization of the 
anaphylactic state that makes therapeutic tuberculin administration a rational 
endeavour. Beyond this we are not at present entitled to go. We do not know 
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why tuberculin should cause a local, much less a focal, reaction. The theories 
of Koch, Wassermann, Bruch, Wolf-Eisner, Krehl, and others, on this point, are 
mutually desti'uctive. Many of the theories offered have left facts far behind. 

With regard to the general reaction we know hut little more. It is, 
however, apparently due — and I think recent work ^ of my own published last 
year tends to support the view — to the absorption of toxic products of the host’s 
own cells which owe their liberation to the action of the inoculated tuberculin 
on the focus or foci of disease. The process by which this liberation is effected 
is at present unexplained. This much, however, we understand — ^that a focal 
reaction is essentially a hyperaemia of a focus of disease, and that without this 
focal hyperaemia no general reaction can occur. Now, if the general reaction is 
due to the ahsoi’ption of products of the host’s own cells, and if the necessary 
preliminary to that event is focal hyperaemia, itself capable of being caused by 
inoculation of, tuberculin, it follows that an adequate dose of tuberculin in 
subjects of active tuberculosis causes a true auto-inoculation. In other words, 
the real goal of hetero-inocidation is successful auto-inoculation. Of the 
explanation of the hyperaemia itself we are ignorant. Consideration of reaction 
in the test-tube I must for the moment defer. 

For purposes of diagnosis tuberculin may be injected under the skin, into 
the skin, or instilled into the conjunctiva. Injection under the skin aims at 
a focal reaction, and usually at a general reaction as well. Injection into the 
skin, or instillation into the conjunctiva, aims at local reaction only. Hypo- 
dermic injection is the best method for adults, endermic the best for young 
children. A focal or genei’al reaction is more trustworthy in adults than in 
children and less liable to produce untoward results. In quite young children, 
if an active focus of disease should be present it is clearly better that only 
a local reaction should be evoked. Hence the value for such of von Pirquet’s 
method. Inoculation into the conjunctiva should only be practised under very 
exceptional circumstances, if ever, for reasons to be mentioned later. If a general 
reaction be desired at least three hypodermic injections must he given, with 
negative results, before any given case can he said to be free from active 
disease. A good dose to begin with is 1/1,000 c.c, of old tuberculin 
suspension, proceeding at intervals of two days progressively to a final dose 
of 1/500 c.c. With proper precautions a rise in temperature of 1° F. in 
a non-pyrexial subject gives a positive reading. If a focal reaction only 
be desii'ed a smaller dose must be given, the result of injection being looked 
for in increase of physical signs, if the focus of disease be accessible to observa- 
tion. Usually tuberculin is injected in sufficient dose to elicit both a focal and 
a general reaction. If a safe local reaction be sought, von Pirquet recommends 
scarification of a small area of the flexor surface of the upper arm, and applies 
one or more drops of a solution of old tuberculin one part, a 5 per cent, solu- 
tion of carbolic in glycerine one part, and normal saline solution two parts 
(Hewlett). The reaction appears within forty-eight houm. 

’ ‘Autotoxaemia and Infection,’ Proc. Boy. Soc., Lond., 1910, B. Ixxxii. 

[Q. J. M., April, igii.l 
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2. Hovj not to use TvMrmlin in Diagnosis. 

For purposes of diagnosis tuberculin should not in man be inoculated under 
the skin unless the foUcwing conditions are fulfilled: — (1) All other means of 
arriving at a diagnosis must have been exhausted because : — (a) the procedure, 
though reputed to be hannless under skilled clinical and haematological 
supervision, is not always so, even in the absence of diseases held to be an 
absolute bar to its use, such as severe nephritis, diabetes, or cardiac disease ; 
(b) in cases of quiescent tuberculosis a positive reaction sometimes results, 
giving misleading information ; (c) a negative reaction does not exclude active 
disease until at least three injections have been given ; (d) in advanced and very 
advanced cases it often happens that no free so-called anti-body necessary to the 
production of reaction is present. (2) There must be absence of marked re- 
mittent or intermittent fever, because any rise or fall of temperature following 
the injection is not necessarily the result of the injection. (3) There must be 
absence also of syphilis, leprosy, and antinomycosis, because in cases of these 
diseases a reaction may occur even when they are not complicated by tuber- 
culosis. (4) Only the minimal dose necessary to produce a recognizable reaction 
should bo employed. (5) Skilled clinical observation must be available for the 
detection of any slight increase in the physical signs in a focus of disease, such 
increase being one of the most valuable signs that a true reaction has taken 
place. The detection of slight increase of temperature and of pulse- rate, of 
frontal headache and other signs of intoxication, is less essential because it is 
often possible by using smaller doses to cause an alteration in the physical signs 
without eliciting these more easily observed phenomena. In other words, it is 
sometimes good policy to elicit a focal without producing a general reaction 
when hypodermic administration is employed. 

If tuberculin be injected into the skin it must always be remembered that 
a positive reaction may occur in quiescent disease. In young children this 
objection does not necessarily hold, but the older the child the gi’cater the 
chance of a tuberculous focus, by no means necessarily active, and the smaller 
therefore the value of the test. 

The reasons why tuberculin should not be inoculated into the conjunctiva if 
it can possibly be avoided are:-^(l) that the results in damage to the eye may 
be disastrous, unless dilute solutions be employed, while the correct dilution for 
the individual case is difficult of deteimination ; (2) it sometimes happens that 
subsequent therapeutic injection of tuberculin has to be abandoned because 
each injection gives rise to a A-iolent conjunctival reaction. The sole merit of 
Calmette’s test lies in the claim that a reaction only rarely occurs in cases 
of quiescent disease, a claim which appears to be generally upheld. 

In connexion with the diagnostic use of tuberculin, whether by inoculation 
under or into the skin, or into the conjunctiva, it should be borne in mind that 
in apparently healthy subjects a definite local hypersusceptibility may be 
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evinced if more than one inoculation be used. When this does occur it may 
of course vitiate the interpretation of any results obtained. 

I now proceed to consider the use and abuse of tuberculin in therapeutics. ■ 


- .1. Hoxv to use Tuberculin in Treatment. 

The avowed and immediate object of the therapeutic administration of 
tuberculin is to produce minimal degrees of focal reaction. The real and 
ultimate object is to produce adequate but not excessive auto-inoculation. 
Focal hj'peraemia is, as I have already insisted, potential auto-inoculation. 
It is often, however, laid down that the whole object of tuberculin administra- 
tion is merely the production of anti-bodies to the injected products of the 
tubercle bacillus, and that the manufacture of such anti-bodies is the direct 
result of the tuberculin injection. This theory, for it is no more, misses, 
I think, the very essence of the true object of tuberculin administration. If 
it be true that we inject this substance in order to produce safe degrees of 
focal reaction it is clear that in so doing we are causing the focus of disease to 
inoculate the system with, inter alicc, its own products of the tubercle bacillus, 
and thus are inviting the production of anti-bodies to these focal products. 
This is a very different matter to placing our hope only on the power of the 
subcutaneous tissues to produce anti-bodies at the site of injection in direct 
response to the tuberculin injected. Such a theory also ignores the fact that 
the focal hyperaemia which makes auto-inoculation possible also allows the 
opportunity for free and direct access of the anti-bodies thus indirectly produced 
to the focus of disease. But, more important still, it also ignores the great 
probability that when an infection undergoes spontaneous cure ‘both bacteria 
and the infected tissues are probably converted into vaccines, which then elicit 
both bacterial and cellular restraint.’ ^ The production of auto-inoculation by 
tuberculin administration in cases of tuberculous disease is, therefore, the 
strongest argument for its use that can be adduced from either the clinical 
or the pathological standpoint. The production of auto-inoculation, natural or 
artificial, however initiated, is probably one of the chief methods of active 
immunization in the cure of established tuberculous disease ; because the 
economy, under the stimulus of auto-inoculation, renders absolutely or rela- 
tively inert not only the poisonous products of the tubercle bacillus, but also 
those of the infected tissues of the host. Tuberculin then, after all, is only one 
method of producing this result, though if other vaccines had the scope of 
tuberculin, the outlook in some other infections would be bright indeed. 

In practice, then, the essence of successful inoculation is the production 
of mild degrees of hj’peraemia which should as a rule be far below the plane of 
clinical observation. Success in favourable circumstances is to be read in the 
results of unseen reactions, namely, in clinical improvement. It is here that 
the difficulty arises of being sure that improvement after injection is due to the 
’ national Immunization, Bale, Sons and Danielsson, 1909, 73. 
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injection. The greater the experience of the , observer the less will be his 
inclination to dogmatize on this point. One cannot help feeling that some at 
least of the benefit which follows the use of extremel3- small doses of tuberculin 
is sometimes attributable not to the tuberculin, but to spontaneous reactions 
occurring independently of administration. It is better, however, to give small 
doses and wrongly interpret the sequence of events, than without adequate 
experience give large doses and run a certain risk of doing harm. To ensure 
safety, in chronic mild pulmonaiy tuberculosis an initial dose of 1/20,000 of 
a milligramme of T. R. may be given in adults, gradually increasing to 1/1,000. 
In more active disease safe limits may be taken as from 1/100,000 to 1/1,000. 
Occasionalty unexpected good results from the production of a well-marked 
focal and general reaction after larger doses. In tuberculosis of glands, joints, 
bones, and viscera other than the lungs, slightly larger doses than those men- 
tioned can be given. To ensure the maximum amount of benefit some observers 
work up to very much larger doses, amounting to 500 or even 1,000 milli- 
grammes of T. 0. A. For yeai-s this has been the practice on the Continent, and 
excellent results arc reported. In this countiy, however, the tendency has been 
to believe that to aim at the maximum amount of benefit carries with it a 
proportionate increase in risk. Should the dose be excessive, quiescent disease 
may become active, active disease more active. Until wo understand the real 
nature of tuberculin all rules as to dosage are bound to be unsatisfactory. 
Meanwhile it is better to lean to the side of caution and leave employment of 
large doses to the greatly daring. Nor can any precise rules be laid down as to 
the proper spacing of the injections. Each case must be judged absolutely on its 
own merits. Whenever there is fever careful study of the temperature chart 
several days before and after an injection will furnish the most valuable 
guidance. Before giving the first dose the chart in all such cases should, if 
possible, be studied for the readings of weeks. The easiest wa}’^ of doing this, 
as I showed some time ago, is to plot out a continuous curve of the highest 
reading in each daj'. If this bo done it is possible to sec at a glance that many 
cases can only be made worse by tuberculin, and that others are doing very well 
without it. In cases that appear to require it the correct stage at which to 
inject is often shown. In apja-exial cases control by blood examination will 
be most useful when a reliable method is available. To this point I .shall 
presentlj’’ return. 

2. Ilmv owt to use Tuberculin in Treatment. 

For therapeutic purposes tuberculin should not be injected under the skin 
in the following circumstances : — (1) When the diagnosis is still uncertain. To 
this rule there are but few exceptions. (2) In the vciy young or the vexy old, 
for obvious reasons. (3) In advanced disease, because the load of uninsulated 
tuberculin, and of uninhibited ceU toxins, is already dangerously high. If in 
such cases the economy has I’ofuscd a reaction after a single diagnostic dose it is 



TUBEECULIN IN DIAGNOSIS, ETC., OF TUBEECULOSIS 383 

ilot likely that any good can result from stimulus being more frequent than, 
any evidence of response. (4) In any form of tuberculosis where complicating 
organisms continue to play a prominent part, in spite of measures directly 
aimed at their suppression, mainly because if the tuberculin treatment in such 
cases does harm to the tuberculous element the resistance of the latter to the 
action of the complicating organisms is necessarily impaired. (5) In cases, 
whether complicated or not by other bacterial infections, where any considerable 
degree of fever exists, because as a rule such cases bear tuberculin very badly. 
(6) In generalized tuberculosis, or in the meningeal forms, whether discrete 
or concrete, for the same reason. . (7) In severe cases of diabetes, nephritis, and 
cardiac disease. (8) In cases -whei-e both before and after injection competent 
cEnical observation is not available, supplemented, if possible, but never re- 
placed, by some really satisfactory method of blood examination. 

Epitomizing the rules thus laid down for and against the use of tuberculin 
in diagnosis and treatment it may be said : — (1) That in diagnosis von Pirquet’s 
method is the best for young children, and Koch’s subcutaneous method the best 
for every one else. (2) That a positive reaction after hypodermic injection does' 
not necessarily prove, nor a negative reaction necessarily disprove, the existence 
of active disease. (3) That neither in diagnosis nor in treatment should tuber- 
culin be injected into the very young, the very old, or the very iU, or in cases of 
marked fever, or of severe mixed infection. (4) That quiescent disease may be 
stirred into activity, and active disease into greater activity, if the therapeutic 
dosage be incorrect. There are two points already touched upon that require 
further notice, namely, haematological control, and clinical control. 

1 . Haematological Control. 

In forming a sound judgement as to the wisdom of employing tuberculin in 
any given case wm are greatly hampered by the want of a good method of blood 
examination. If we are thoroughly to control tlie need for, and the results of, 
tuberculin administration, we must have further help of this kind than we can 
at present command. For controlling tuberculin administration the opsonic 
method is not an adequate gauge of immunity standards, though for purely 
diagnostic purposes it has a definite though limited scope. What is urgently 
needed is some simple quantitative method which, in conjunction with skilled 
clinical observation, will supply a gauge for diagnosis, prognosis, and treatment. 
Already steps in this direction have been taken on the Continent, and in this 
country by d’Este Emery, who has devised and now employs a quantitative 
serum method,® using the haemolytic system as indicator. Now the haemolytic 
system is no more than the galvanometer, so to speak, recording differences in 
potential, and is in no way essential to the reaction between antigen and anti- 
body. A simpler method still of measuring this reaction is wanted, one that 
wiE give results beyond dispute. Such method I hope shortly to have ready. 

* D’Este Emery, Hunterian Lecture o» Immunity, 1911. 
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If properly used as an adjunct to clinical observation .it •will, I believe, assist in 
removing tuberculin administration from the domain of empiricism, and in 
placing it on a sure scientific basis. 

2. Clinical Control. 

This form of control is vital to tuberculin administration for two reasons : — 
(1) To guard against the production of harmful results ; (2) to ensure that no 
single detail in general treatment suitable to the individual patient be omitted. 
I need not labour these points. Enough to say that it is impossible to judge of 
the eligibility of a case for diagnosis by tuberculin unless it has been first 
determined that none of the unfavourable conditions enumerated above are 
present. This, as a rule, involves clinical observation for some days prior to 
inoculation. The same remark applies with even greater force to the thera- 
peutic administration of tuberculin. Here careful watching is necessary not 
only before treatment is begun, but after each injection as well. Moreover, 
however excellent may be the results jnelded b}' the administration of tuberculin, 
it can never be more than an accessory to general methods of treatment. Abundant 
and suitable food, good air supply by night and day, the judicious regulation of 
exercise and rest, must always remain of supreme importance. It is only by 
attention to such factors as these that the average patient’s power of response 
can bo effectively utilized. Hence the necessity, in tuberculin treatment, for 
adequate supervision, without which, indeed, specific treatment were better 
abandoned. Such supervision can only be adequate when it is thorough, and 
to be thorough it must be exercised in connexion with the educational control 
afforded by the hospital, the sanatorium, the consulting room, and, where 
necessary, visitation in the home. 

Tuberculosis, if I may glance once more at the broader and more abstract 
and more fascinating aspects of this subject, is anatomically a local disease with 
constant tendency to symptoms of more general disorder. From analogy of the 
supremo importance of well-regulated hyperaemia in conducing to cure of other 
forms of local damage, it is unthinkable that a tuberculous lesion .should be 
exempt from a rule to which there is no ascertained exception. To suppose, 
however, that the effect of focal reaction is merely to stimulate the tubercle 
bacillus to excite the production of anti-bodies to itself is an altogether inade- 
quate conception of a process that includes other factors of yet deeper 
significance. Never shall we rightly intei'pret the functions of substances 
which, like tuberculin, aim at the re-establishment of immunity' until we realize 
that the ultimate object of inoculation from without is to bring into play that 
stimulus from within which is the time secret of natural cure, and without 
which adequate response to all the factors in a centre of disease is impossible 
of attainment. If we fail to realize this wc fail to realize also the central 
object of the anaphjdactic state. 



ON OXYCEPHALY 
By H. MOBLEY FLETCHEE 
With Plates 30-38 

The cranial deformity now generally known as oxycephaly is also described 
under various appellations, such as acrocephaly, ‘ Thurmschadel,’ ‘ Spitzkopf,’ 
tower or steeple-head, ‘ turritum caput,’ ‘ tete ^ la Thersite ’ (Hamy). The con- 
dition does not appear to have attracted attention, except as a curious malforma- 
tion, until the visual defects so frequently associated with it led to investigations 
on the part of ophthalmologists. Thus we find that all the earlier accounts of 
this condition, and there are many of them, appear in the various ophthalmo- 
logical journals of Europe and this country. 

The almost invariable impairment of vision with its frequent accompani- 
ment, optic atrophy, was fii'st definitely recognized and described by v. Graefe in 
1866, Michel in 1873, and v. Hirschherg in 1883, and since then a large number 
of cases of this type, as well as of other cranial deformities associated with optic 
atrophy, have been recorded, notably by v. Hirschherg, Enslin, and Patry. The 
bibliography shows that many cases have been recorded ; the number cannot be 
accurately given as some are doubtful and others are re-quoted, but it is probably 
between eighty or ninety. The condition is not very rare and it is very striking, 
yet it is surprising that in this country it appears to have met with little 
■recognition by clinicians until quite recently. 

My own attention was directed to the condition by a case I met with about 
eight years ago, at the East London Hospital for Children, in conjunction with my 
colleague the late Mi'. Hancock, and since that time I have been endeavouring 
to investigate the subject fui'ther, as it presents points of very considerable 
interest. 


Clinical Aspects. 

The cardinal signs are the characteristically shaped skuU, exophthalmos and 
impairment of vision, sometimes amounting to total blindness, associated with 
changes in the fundi oculorum. 

The aspect of the patient is very striking, the gi'eat height of the forehead 
sloping gradually upwards to the vertex with feebly marked superciliary^ i-idges. 
The vertex of the skull appears pointed instead of flattened or rounded, and 
a ridge, or bony prominence, is sometimes felt in the region of the bregma. The 
hairy scalp may be raised above the normal level and present the appearance of 
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being perched on the top of a cone. Vie'wed laterally, the ears appear placed on 
a lower level than normal. The temporal ridges and depressions are feebly 
marked. 

The eyes. Exophthalmos is present in all the well-mai'ked cases. It is 
sometimes extreme, as in Cases I and VI, and dislocation of the eyeballs in 
front of the eyelids occasionally occurs. Failure of closure of the eyes, especially 
during sleep, may lead to lachrymation and conjunctivitis as in Graves’s disease. 
Not infrequently the proti'usion of the eyeballs is unequal on the two sides. 
Divergent squint is common and gives a peculiar appearance to the bulging eyes : 
occasionaUy the squint is convergent. JITystagimis is present in the majority of 
cases. 

Other facial characteristics. The nose may be well formed, but in several 
cases there was a definite deflexion to one side. That shown in Plate 30, Fig. 1 
(Case ]), is probably largely the result of an accident in quite early life. These 
photographs show well a marked flattening or depression in the malar and 
supra-maxillary region, which is very characteristic, though not so commonly 
present in the juvenile as in adult patients. 

The complexion tends to be muddy, sallow, and dark, especially in the older 
patients. The hair was dark in all the cases I have seen. 

They are usually mouth-breathers ; the open, gaping mouth adds to the 
grotesque appearance and gives it a stupid vacant expression. In many cases 
the palate is shortened and extremely highly arched, as in Cases I and III. 
The teeth are liable to early caries, the incisors are prominent. The last upper 
molars may remain imerupted, as in Case I, owing to the shortening of the 
superior maxiUa. 

Intelligence. This is unimpaired in quite a large proportion of cases, and 
may be above the average. It is probable that in cases with a mental develop- 
ment below the average this may be due to the ocular defect which develops in 
early life and produces a backwardness from ‘ deprivation ’, to use Ireland’s term. 
One of my cases (Case III) showed a remarkable degi’ee of intelligence ; finding 
that he was unable to distinguish letters he speedily taught himself to read the 
bbnd alphabet. Case I never went to school on account of his visual defect, 
but taught himself to read and write at home with his father's help. Potts 
states that in examining thousands of mentally defective patients he met with 
only two cases of oxycephaly. 


Special Senses. 

Vision. This is occasionally unimpaired, but in the vast majority of cases 
sight is veiy defective. This depends to a considerable extent on the age of the 
patient: the younger the case the better the vision. In the adult cases the 
ability to read type is rare ; perception of large objects is the usual condition. 
Complete blindness may result, but it is difficult to give accurate figures as to the 
proportion of cases in which this occurs. 
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■ Intra-ocular changes. TJie most constant abnormality found is optic- 
atrophy. The disks appear greyish, bluish, or ivory white with somewhat 
irregular edges; The arteries are thin, the veins dilated and tortuous. Optic 
atrophy was present in six of the seven cases to be described later. In one of 
Dr. Hutchison’s cases included in this series the disks were reported as pale, in 
one atrophied, and in the ■ third the atrophy was of secondary type. In some 
cases ‘ choked disk ’ has been met with in the early stages of the condition of 
oxycephaly. In foiiy-two cases collected by Enslin the atrophy was post-neuritic 
in thirty-six ; in onl}’- two of these was it regarded as primary. Friedenwald 
describes post-neuritic atrophy in nine out of twelve cases. Too much reliance 
must not be placed on these figures as an indication of the frequency of optic 
atrophy in oxycephaly, seeing that most of the recorded cases have sought advice 
on account of failing eyesight. They suffice to show that it is a very frequent 
occurrence, although not an invariable one. Occasionally pigmentary changes in 
the retina in the neighbourhood of the disk are met with. Errors of refraction^ 
particularly myopia, are common. 

Smell is often completely lost. (Meltzer found this in twelve out of twenty 
cases quoted by Merle.) It was impaired or lost in four out of tbe seven cases; 
Hearing usually unaffected; Taste very rarely affected; The data with regard to 
these points are not satisfactory, as in many cases they have not been recorded. ' 


Other Malformations or Abnormalities. 

The following have been described in a few cases : Malformations of ears^ 
elbow and shoulder joints, fingers ; webbing of toes. Tucker recorded in 1904 
a case of oxycephaly in an Indian, in which he noticed a peculiarity of the elbow- 
joints, which could not be fully extended. I have found this abnonnality present 
in one (Case I) of my cases, and in one of Dr. Hutchison’s (Case Y). The 
elbow -joint resists full extension (Plate 31, Figs. 5 and 6). When extended as far 
as possible, the forearm is deflected outwards. The inner condyle appears to be 
unduly prominent. This peculiarity requires much fuller observation before any 
opinion can be given as to its frequency or significance. More will be said about 
it when discussing the pathology of the disease. In one of these cases (Case I) 
there is limitation of movement in an upward direction in both shoulder-joints. 

Dr. Hutchison and I have met with a very curious malformation of the 
(^fingers in two cases (Cases I and Y). The first phalanx of each thumb is some- 
■^hat thickened, flattened, and sharply curved outwards, with its concavity to the 
raffial side. The little finger in both these cases is curved inwards. 

Gourse. 

An analysis of the recorded cases leads me to the conclusion that they may 
be divided into three groups. In the first, exophthalmos and the deformity of 
the head are definitelj’’ present at birth, and in some of these cases total 
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blindness. These may be classed as congenital cases; they are comparatively 
few in number, and form but a small pi'oportion of the total. In a second group 
may be placed the cases in which during the first few months of life changes in the 
shape of the head develop, and the eyes ai'e noticed by the parents to be 
‘ large In the course of the first two years these signs become more marked 
and are attended by gradually increasing impairment of vision. The exophthal- 
mos and the lofty shape of the head become inci-easingly evident as growth 
proceeds. The third group includes those cases which appear to be quite normal 
for the first few years of life and the earliest signs may not appear before the 
second to the sixth year. In these cases an increasing visual defect is usually 
the first sj'mptom. Vision may remain unimp^ed till the fifth to sixth yeai’. . 

It is interesting to note that in some cases the onset of the condition 
appeai-ed to date from a fall, or a blow on the head. Patry records two such 
cases in which this occurred at the age of four years. (Compare Dr. Hutchison’s 
case, \TI,) 

A consideration of the recorded cases leads me to agree with Patry that the 
ocular defect begins in the first five years. The impairment of vision is 
progressive and sometimes ends in total blindness, but in most cases perception 
of light or of large objects remains. Fair vision may remain with extreme 
exophthalmos and very definite optic atrophy as in Case I. 

As growth proceeds, the lofty shape of the head becomes increasingly 
evident and exophthalmos develops. Headache is a very common symptom, and 
may be \Qry severe. In one of my cases it was frontal and vertical. It is often 
occipital. Vertigo is less frequently met with. Fits have been recorded in 
a few cases in young children, but it is difficult to be certain as to how far these 
fits arc connected with the cranial condition. 

Duration. As far as the evidence serves there is nothing to show that 
oxycephaly shortens life, but it is a noteworthy fact that few, if any, typical 
cases have been recorded in patients over fifty years of age. 


Predis)x>sing Causes. 

Race does not appear to have any influence. In this series of seven cases, 
four were Hebrews ; this high proportion is probably explained by the fact that 
the cases were drawn from hospitals in the East End of London attended by large 
nuinbei-s of this race. The recorded cases include most of the European races. 

Syjjhilis and Rickets cannot, in the writer’s opinion, be regarded as 
important factors, though some writers (Meltzer and Potts) consider that rickets 
plays an essential part in the pathologj* of oxj-cephaly. 

Bc.x. This may be said to be the only important predisposing factor, as 
the condition is much more common in males than females. Patry gives a series 
of sixty-four cases in which only seven were females (this series includes some 
cases which were not true cases of oxycephaly). 

Heredity is very rarely a factor, v, Hij-schberg records a case whose maternal 
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gi'andfather was similarly affected. Weiss and Snigger mention two oxycephalic 
brothers seen by Oeller. Hanotte states that Hamy met two oxycephalic sisters; 
The mother of one of my cases (Case I) had a malformed head, exophthalmos, and 
defective vision. 


Morhid Anatomy. 

Almost the whole of our knowledge of the morbid anatomy of oxycephaly 
is derived from the study of dried skulls in museums, the histories of which are 
almost without exception unobtainable. Very full investigation of the special 
features of the oxycephalic skull has been made, notably by Hanotte, Patry, 
Enslin, and others, and the peculiarities found in this condition are constant and 
characteristic. Through the kindness of Professor Keith I have been able 
to examine the specimens in the museum of the Eoyal College of Surgeons, 
which contains several good examples. Very few, probably not more than 
three, cases of oxycephaly have been recorded with a post-mortem examination. , 

In this country Power (1894) recorded a case described as oxycephaly in 
an infant which lived four weeks, the head of which is preserved in the museum 
at St. Bartholomew’s Hospital, and in 1901 Carpenter described another case, 
also in an infant, the head of which is in the museum of the Royal College of 
Surgeons. It is very doubtful, in the writer’s opinion, whether either of these 
cases, particularly that of Carpenter, should be classed as oxycephaly, but rather 
as foetal monstrosities, as there was no evidence of premature synostosis. 

The dried skulls which have been examined belonged mostly to adults, and 
present the following features ; — There is a gi-eat increase in the vertical height 
due to the alterations of shape of the vault. The superciliary ridges and frontal 
prominences are absent or much reduced and the frontal region rises steeply 
upwards to the bregma. The frontal and mastoid sinuses are often absent. 
The temporal fossae ai-e shallow. The characteristic abnormality found is the 
evidence of premature synostosis of certain sutures. Of these the coronal and 
sagittal sutures are chiefly involved. The coronal suture is generally com- 
pletely closed, but sometimes is found to be rmunited for a short distance, 
2-5 cm., on each side of the bregma. The sagittal suture is usually synostosed. 
The bi'egma is often marked by a distinct prominence or bulging. The 
metopic suture is synostosed. Other sutures are frequently involved, but to 
a much more varying degree than those alread 3 '^ mentioned, but generallj’^ 
speaking those of the vault are the ones most affected. The orbits present 
striking features. The depth is much reduced, the external part formed bj’ the 
greater wing of the sphenoid appears to have been pushed forwards. The 
orbital axes are veiy oblique downwards and outwards. 

The brain. Papillant investigated the condition of the brain in a case of 
- 0 X 3 'cephal 3 ^ Bourneville’s case was not a case of pure oxyeephalj'. In 
Papillant’s case the convolutions, more particularly of the lower portion of the 
•brain, showed obvious signs of pressure, while the reverse was manifest in the 



390 QUARTERLY JOURNAL OF MEDICINE 

upper part of the frontal and parietal lobes. The convolutions -with an antero- 
posterior direction appeai-ed to show arrested gi'owth and were very difficult to 
separate. The horizontal branch of the Sylvian fissure was very short. 

The superior maxilla is very poorly developed, as well as the lateral walls 
of the nasal chamber, especially in the vertical direction. The nasal septum is 
generally deviated, probably in part as the result of these changes and also owing 
to a pushing down of the base of the skull (basi-sphenoid and mes-ethmoid). 
The total length of the superior maxilla is reduced in proportion to the anterior 
posterior diameter of the skull. 

Some writers have described a nan-owing of the optic foramen, but the 
evidence appears to be against this. The hard palate is sharply arched. The 
antra may be rudimentary. At the base the condjdes are sometimes less 
prominent than normal. The basilar process is much shortened. The cranial 
fossae show great change.s in size and shape ; they are deepened and widened. 
The middle fossae exhibit this to a striking degi-ee, and this is well shown in the 
appended skiagi-aras. The sella turcica is widened and deepened in its central 
portion. The inferior maxilla does not present changes that can be regarded as 
characteristic. On holding an o.xycephalic skull to a bright light the bones 
of the vault and of the fossae appear more transparent than those of a normal 
adult skull, and the so-called ‘digital markings' to be referred to later can 
sometimes be faintly distinguished by transillumination in this way. Measure- 
ments of oxycephalic skuUs have been very fully made in long series of cases by 
several wi-itcrs, pai-ticularly Patry, and reference should be made to his work 
for information on this point. 

X-ray appeanrnces. Another method of examining the changes in the 
skull is by means of the X-rays. Grunmach (v. Hirschberg and Grunmach), 
Bertolotti, Dorfmann, and others have described the appearances met with which 
generally confirm in the living subject the existence of the changes already 
described in dried skulls. All those who have investigated cases of oxy- 
cephaly by this method have noticed certain abnoraal features which may be 
regarded as constant. The structure of the bones of the skull, especiaUy those 
forming the vault, instead of presenting a fairly uniform density in the skiagram 
show certain markings or depressions resembling a coarse network, and giving 
the shadow of the bone a dimpled appearance. 

These areas, or ‘ digital markings ' as they are called, are most obvious in 
the frontal region, although they may be clearly visible over the whole vault 
and in the basal fossae, where they differ from the appearances in cranio-tabes 
in that they are more difiuse, larger, more numerous, and less sharply defined. 
These ‘ digital markings ’ are occasionally seen in apparently normal skulls, 
but never, so far as the writer can ascertain, in the same degree as in oxy- 
cephaly. They have been generally attributed to pressure exerted by the 
brain on the skull, and the markings are regarded as corresponding to the 
convolutions. This explanation does not appear to the writer to be entirely 
satisfactory, as, in the first place, in another condition, hydrocephaly, the pressure 
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exerted on the cranial bones does not usually give rise to a similar appearance. 
For purposes of comparison a skiagram was taken from a patient, aged 52, 
suffering from effects of old hydrocephaly, and examined. In this the bone 
■presented a much more uniform structure, and in spite of the reduction of thick- 
ness the' digital markings were absent ; the examination made of skiagrams 
of juvenile hj^drocephaly showed exactly the same appearances. Secondly, it is 
difficult to accept without further evidence the hypothesis that these areas or 
largo dimples correspond to the convolutions, as the markings would appear to be 
too numerous and too small. The writer prefers to regard them as an indication 
of some change in the actual structure of the hone due to abnormal growth, the 
nature of which is at present quite obscure. Leonard, discussing the Rontgen 
diagnosis of hydrocephaly, describes a case of hydrocephaly in which the inner 
table of the skull showed depressed areas, visible by ordinary light, exactly corre- 
sponding to the convolutions. He says it is only in the late form of hydrocephaly 
occurring after the sutures have become ossified that the pathological change 
takes place in the inner table. Such a condition cannot be common in oxycephaly, 
seeing that in the large number of skulls examined by different writers irregu- 
larity or unevenness of the inner aspect of.the vault is hardly mentioned. 

The skiagrams show that the frontal sinuses and antra are either absent or 
so rudimentary that they can barely be distinguished. The bones foiTuing the 
orbital, nasal, and superior maxillary regions present an extraordinarily trans- 
parent floceulent appearance. The superior maxilla in the skiagram of Case I is 
gi’eatly shortened and the last molar can be seen lying above, unerupted. The 
lower jaw is underhung, and is shorter and squarer than normal. The bone 
of the inferior maxilla appears to be of fairly noi-mal density. 

The sella turcica presents the most striking appearance ; it stands out with 
unusual clearness and seems to be considerably enlarged and displaced back- 
wards. The bones forming the vault show some reduction in thickness, especially 
in the region of the bregma, where there is often a distinct bulging. This is well 
seen in the skiagrams of Cases I and VI. In both there is obvious localized 
bulging at the vertex. For the purposes of comparison a skiagi’am of a nonnal 
adult skull is given (Plate 38, Fig, 23). 

Other associated defects. Reference has been made to an abnormality of the 
elbow-joints in two of the appended cases. This defect was present in one of my 
cases (Case I) in which there was a deformity of the elbow-joints with inability 
of fuU extension. The same was noticed in one of Dr. Hutchison’s cases 
(Case V). .In Case II the head of the ulna appears to be thickened. This 
condition requires further observation as to its frequency and nature. 

I must take this opportunity of thanking Dr. Walsham and Dr. Pirie of 
St. Bartholomew’s Hospital for the excellent skiagrams they have taken of mj’^ 
series, and Sir. Scott of the London Hospital for those of Di’. Hutchison’s cases. 

I am also indebted both to Professor Keith and Dr. Addison for kind suggestions 
on various points of anatomy. 
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Pathology. . 

The idea has long been held and is sfciU widely prevalent that oxycephaly 
is essentially a congenital deformity of the head and that the chief point of 
interest consists in the ocular affections associated with it. Reasons mil bo 
advanced later against this point of view and in favour of the condition being 
regarded as a manifestation of a definite morbid process affecting more 
manifestly the bones of the skull than other parts of the body, 

A brief review may be given here of the various lij’-potheses which have 
been advanced in explanation of the inalformation of the skull. Most miters on 
the subject are agreed that the characteristic deformity of the skull is due to 
premature synostosis of certain sutux-es, notablj'^ the sagittal and coronal. The 
evidence in favour of this synostosis is very strong, as it is found in all the skulls 
which have been examined. The last portions of these sutures to become 
synostosed ai’c those in the neighbourhood of the bregma. In some cases 
of oxycephaly in young subjects the anterior fontanelle has been found to be 
patent. As a result of the premature union of these two sutures the growth of 
the vault of the skull is restricted in both its antero-posterior and transverse 
diametei's, and to accommodate the increasing bulk of the brain a compensatory 
increase in height takes place. Eventually the anterior fontanelle closes, but 
there is reason to think that this occurs at a later date than the normal, and its 
foi-mer site is marked by a slight protuberance with thinning of the bone, as is 
well shown in several of the skiagrams. The rapidly growing brain is partly 
acconxmod.ated by the compensatory inci’ease in the vertical diameter, but in 
addition important changes are brought about at the base. The cranial fossae, 
especially the middle one, become deepened and thinned out by the pi’cssure 
exerted by the brain. The thinnest bones naturally are most affected, and thus 
the orbits become deformed and shallow, the greater wings of the sphenoid in 
particular being pushed foi-ward by the sphenoidal lobes, so that, as Weiss and 
Bruggor describe it, they form the posterior instead of the lateral walls of the 
orbits. The temporal region is pushed outwards so that the temporal fossae 
become shallow or obliterated. Tlie malformation of the vault, the cranial 
fossae, and the orbits may be accounted for in this way : the other bony changes 
•will be discussed later. 

What is the cutise of this 2 '>remalurc synostosis 1 Virchow and v. Hirschberg 
and othei’s regarded the primary cause as some form of meningitis, but the 
evidence in favour of it is very slight. Some thickening of the pia arachnoid 
has been met with in one case. A diffuse meningitis would have been expected 
to give rise to hydrocephaly or to microcephaly wdth mental defect. The 
ab.sencc of any mental defect in the gi-cat majority of cases is in the writer’s 
opinion a strong argument against the occurrence of meningitis of any 
known type. 

Hydrocephaly has been advanced as a cause of the synostosis. Meltzer 
suggested that it was due to a raaction process in rachitic hones to the pressure 
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of hydi-ocephaly, and that , after synostosis bas taken place resorption of fluid 
occurs. Potts, in a recent paper (1910), does not accept the view that premature 
synostosis is a sufficient explanation of the defofmitj^, and ascribes it to a special 
form of hydrocephaly, but without giving, in the writer’s opinion, any evidence 
of its existence. A study of the recorded cases leads one to exclude rickets at 
any rate as an important factor in the disease. It appears to the writer that 
there are also cogent reasons for excluding hydrocephaly as a cause of oxycephaly. 
The shape of the head, the unimpaired intelligence, the absence of paralyses, the 
fact that such sutures or fontanelles that have been observed to be patent in 
the younger cases are not described as bulging, ai'e strong arguments against 
this view. Further, the cerebro-spinal fluid has been examined in a few cases of 
oxycephaly (Behr), and was found to be normal, and the pressure was not 
increased. To investigate further the possible relation of hydrocephaly to 
oxycephaly, Di\ Walsham kindly took for me a skiagram of the head of an 
adult hydrocephalic patient, aged 52, for comparison with that of the adult 
oxycephalic cases. The bones of the skull presented a totally difierent appear- 
ance ; they were uniformly homogeneous and did not show the ‘ digital markings ’ 
met with in oxycephaly, and further, even at this age, the sutures were still 
ununited. The same may be said of the skull of a hydrocephalic child I have 
recently examined. 

What is the cause of this premature synostosis if it is not due to some form 
of meningitis, a rachitic condition of the bones, or hydrocephalic pressure ? In 
the writer’s opinion it depends upon some deeper underlying cause, the nature of 
which at present remains obscure, and in his opinion the term ‘ oxycephaly ’ is 
a misleading one, as it implies as the essential condition deformity of the headj 
It seems probable that the condition should be looked upon from a wider point 
of view, the changes in the bones of the skull being only one of its manifesta- 
tions and the most obvious. Bertolotti bas recently made a valuable con- 
tribution to our knowledge of the subject ; in this he regards oxycephaly as 
‘ un syndrome osseux qui peut etre bien plus dtendu que ne voudrait signifler 
son nom, et qui correspond, non pas seulement a des alterations de la calotte, 
mais aussi de la base du crane, des os de la face et enfin de plusieurs autres 
parties du squelette ’. 

With this the writer is in agreement, although he does not agree with 
Bertolotti that oxycephaly is a dystrophy of rachitic origin. It is a noteworthy 
point that nearly all those who have investigated the skiagraphical appearance 
of the skull have noted the extraordinary changes which are present in the 
sella turcica, and it may possibly be shown that the alterations in the structure 
and density of the bone and premature synostosis may be the result of some 
change or abnormal development in the pituitary body. This must of coui-so 
be regarded as a mere conjecture, for no post-mortem observations have been 
made with regard to it. 

Professor Keith’s recent lectures on ‘ Prehistoric Man ’ and the suggestions 
he has made as to the possible part played by the pituitaiy body in the 
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development of racial characteristics may be brought forward in this con- 
nexion. The skull is not the only part involved in the condition of oxycephaly ; 
other parts are also affected. There are many points which require investiga- 
tion, notably the histological features of the affected bones and the alterations 
and changes in the joints such as were present in Case I. 

OaiLse of the optic atrophy.. A brief summary must be given here of the 
various explanations of the optic atrophy which is almost invariably present; 
Virchow regarded it as secondary to a neuritis due to some form of meningitis ; 
Ponfick and others, that it is due to papillai-y stasis caused by narrowing of the 
optic foramen. Friedenwald considered that the papillitis and atrophy are the 
result of direct pressure exerted, owing to the synostosis, by the growing brain 
comparable to that in cerebral tumour. This view is also held b}' Dorfmann, 
who points out as a result of examination of skiagrams, that, as the changes at 
the base of the skull advance, the optic chiasma becomes unduly exposed to 
pressure. 

Bebr suggests that intracranial pressure provokes a stasis of the papilla, 
and that the peripheral fibres of the optic nerve undergo atrophy, leading to 
concentric diminution of the visual field. Atrophy of these peripheral fibres 
takes place with resulting diminution in size of the nerve and relief of pressure. 
In this way he explains the comparative rarity of complete blindness. 

The writer inclines to the view that the optic atrophy is the direct result of 
pressure exerted by the growing brain. The cases of oxycephaly in which 
papillitis or optic atrophy is absent are explained by the compensatory expan- 
sion of the skull in abnormal directions being adequate for the increasing 
growth of the brain. 


Treatment. 

So far as is known there is no treatment for the cause of oxycephaly. 
Headache, which is such a frequent symptom, was relieved in two of my cases by 
the administration of potassium iodide. Operative treatment has been employed 
with a view to save the sight. One of Dorfmann’s cases, a girl aged 4, had well- 
marked papillitis and suffered from severe headaches and insomnia. In 1907 
Eisclsberg trephined her. The bone was found to be then mm. in thickness, 
the dura mater normal, the veins distended. Three weeks later the swelling of 
the disks had diminished 1 diopter, and the headache and sleeplessness were 
relieved. Trephining to relieve pressure would seem a reasonable method of 
treating cases of oxycephaly in children when papillitis without atrophic changes 
is present, as probably all such cases subsequently become practically if not 
completely blind. 

Before proceeding to the detailed account of the series of seven cases, 
I must express my gratitude to Di’. Robert Hutchison for permitting me to 
include his three cases in this series, and for the trouble he has taken in pro- 
curing the photographs and skiagrams which illustrate them. 
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Case 1. A. R., male, 23, storekeeper : photogi-aplis (Plate 30), skiagram of 
skull (Plate 31). Did not know at what age the exophthalmos or head deformity-, 
began. Eyesight defective as long as he could remember, and always worse in 
left eye. Never went to school, owing to bad eyesight, hut taught himself to read 
and write with his father’s help. Did not sufer from headache and had never 
had fits. His mother (whom I have seen) had exophthalmos and malformation 
of the superior maxilla, but the vault of the cranium was not definitely oxy- 
cephalic. Parents English. 

Head typically oxycephalic (photographs, Plate 30). The bregma was promi- 
nent. Extreme proptosis ; the right eye was more prominent than the left and 
occasionally became dislocated forwards in front of the eyelids. Divergent 
squint and nystagmus, could distinguish only moving objects with left eye, can 
read print with right eye. Mr. Holmes Spicer reports : ‘ Right pupil unusually 
small, but reacts normally. Left pupil larger than right and insensitive to light. 
Both optic disks very white ; the right disk has ill-defined edges and a definite 
white fibrosis-looldng prolongation up and inwards suggesting a previous neuritis ; 
the lamina cribrosa also is not visible, but the vessels are quite clear. The left 
disk is quite clear and the vessels well defined — the lamina cribrosa is not seen. 
The condition of the disks is quite compatible with previous neuritis. Right 
visual field much reduced.’ 

The nose was strongly defiected to the right ; this was stated to be the result 
of an injury. The superior maxilla was very deformed, it was shortened from 
before backwar-ds. The hard palate formed a narvow, very pointed arch. The 
second and third molars were absent in the upper jaw and could be made out in 
the skiagram lying above in what appeared to be the rudimentary antra. Lower 
jaw underhung, teeth normal in number. Sense of smell lost. Hearing and 
taste normal. 

Elboivs could not be fully extended (Plate 30, Fig. 3, and Plate 31, Figs. 5 and 6). 
Internal condyles unduly prominent, some creaking in the joints : the head of 
both radius and uhra appears thickened. He could not raise the arms to the 
horizontal; obvious creaking in both shoulder-joints, but no change found in the 
bones. No other malformations present. 

Skiagram (Plate 31, Fig. 4) of the skull shows very distinctly the bulging and 
thinning of the bone in the bregmatic region (1) and the digital markings' over the 
whole of the vault. The most striking abnormality is the altered shape and depth 
of the middle fossa, and the pushing forward of the posterior wall of the orbit. 
The sella turcica is pushed backwards and is deepened (cf. skiagram of normal 
adult skull, Plate 38, Fig. 23). 

Dr. R. J. Gladstone very kindly took the following measurements of this 
case two years ago : — 

Height, 5 ft. %% in. (1522 mm.). 

Circumference of head, 506 mm. Longitudinal ai-c, 345 mm. Transverse 
arc, 352 mm. 

Diameters of head : L. 179 mm. B. 138 mm. H. 143 mm. Mi. F. 106 mm. 

‘ Index of size ’ of head, 3532. (The average ‘ index of size ’ of males, 

5 ft. 3 in. height, is 3850.) 

Cephalic breadth index, 76. 

Cephalic height index, 79*8. 

Horizontal arc, measured from the centre of the external auditory meatus 
round the sub-nasal point to the centre of the meatus of the opposite side 
= 231 mm. (Average about 255 mm.) 

Average diameters of head in fifty male subjects, aged 20 to 46, measured in 
the post-mortem room, Middlesex Hospital : — 

Length : glabella to occipital point .... 190-8 mm. 

Breadth : greatest transverse diameter . . . 149-5 mm. 

Height : bi-auricular line to vertex .... 134-8 mm. 

O 
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There is thus considerable diminution in the length and breadth, and increase in 
height. Normal Case A. R. 

Average cephalic breadth index , . . 77 -Q 76-0 • 

„ „ height 3 , ... 70-0 79-8 

Case 11. E. T., female, 44, charwoman: photographs and skiagram of 
skull (Plate 32). Did not know when the defonnity of the head began. Blind in 
left eye as long as she could remember. Had suffered with headache, usually 
vertical, all her life. Single. No past illnesses of importance. One of twins, 
the other having died in infancy. English descent. 

Typically oxycephalic : dark sallow complexion, greasy skin. Nose deflected 
to left. Hard palate asymmetrical. Distinct exophthalmos ; divergent squint ; 
some nystagmus; blind in left eye; pupils react normally. Mr. Holmes 
Spicer repoiis on the eyes : ‘ Some fibrous vitreous opacities ; both optic disks 
very white, having a convex or heaped-up appearance and with a somewhat 
uneven edge in the left eye. Marked whitening of the veins in both eyes 
extending far out from the disk. In the central region of both is a large number 
of small deposits in the choroid, smaller in the right than the left (? hyaline 
bodies). Visual field of right eye greatty diminished.’ 

Sense of smell defective. Taste and hearing good. No malformation of the 
limbs or extremities. 

Case III. J. P., male, 15 : photogi-aphs and skiagram (Plate 33). Hebrew. 
Up to 4 years of age was like other children, according to his mother’s account, 
and the eyes and head were natural. Then the sight began to fail and the 
head gi-adually altered its shape and the eyes became prominent. Never fits 
— suffered from frequent headache. Past and family history good. Very intelli- 
gent, learned blind reading at an early age. Typical oxycephaly with ex- 
ophthalmos, divergent squint, and marked nystagmus. Could barely distinguish 
large objects. Slight deflexion of nasal septum. Hard palate arched but not 
nearly so defonned as in Case I. Hearing, taste, and smell normal. There 
were no other malformations. The skiagram shows the same features as in 
Case I, the distinct digital markings and the changes in the orbits and 
the base. 

Case IV. J, R., male, 14 : photographs and skiagi’am (Plate 34, and Plate 35, 
Fig. 16). Ej’es large at birth and head noticed to be peculiarly shaped. Suffered 
from frequent occipital headaches. Had never bad fits. Memor}' not good and 
was only in fourth standard. Was the first and only child, difficult labour, 
breech presentation. Familj^ history good. 

Oxycephalic skull. Exophthalmos and divergent squint. No nystagmus. 
Mouth-breather. Nasal septum deflected. Superior maxilla shortened. Vision 
good. No optic atrophy. Ear poorly developed, tragus rudimentary. Sense of 
smell, taste, and hearing normal. 

Peculiar malformation of thumbs; the first phalanx was curved outwards 
towards the radial side, the outer or radial side being shorter than the inner. 

The skiagram of the skull shows very distinctly the characteristic changes 
at the base and the digital mai-kings. 

Case V (Dr. Hutchison's case). H. F., female, 5. (Plate 35, Fig. 17.) Parents 
English. Youngest of seven, others normal; two died in infancy. Three mis- 
carriages, one a monster with ‘ head like a cow ’. Full term child. Was bom 
with prominent e 3 *es and mi.sshapen head. Previous health good. Never fits. 
Oxycephalic head with fiat occiput, prominent bregmatic region. Exophthalmos, 
divergent squint, defective vision, optic disks atrophic. Mouth-breather ; palate 
highly arched ; superior maxilla shortened from before backwards. Elbows could 
not be fully extended as in Case I : internal condyle prominent. The skiagram 
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showed thickening of the heads of both radius and ulna. Thumbs shortened ; 
first phalanx curved outwards as in Case IV ; only two phalanges in left 
index finger, one long and a short terminal. Toes webbed and great toes very 
short. 

Intelligence good. Taste and hearing good; sense of smell appears to be 
defective. 

Skiagram of head not obtained. 

Case VI (Dr. Hutchison’s case). S. F., female, 12. (Plate 36.) Ninth 
of ten children. Bather diificult full term labour. Mother had a severe fright 
in the sixth week of pregnancy. Jewish parents. Defoi-mity of head and 
prominent eyes noticed at birth, could see till three years old. 

Oxycephalic head. .Exophthalmos with divergent squint. Constant, 
irregular, chiefly lateral movements of the eyes. Pupils react sluggishly to light. 
One of the eyeballs became dislocated forwards on one occasion. Disks show 
well-marked atrophy of secondary type with white lines along course of vessels : 
cannot see light. Sense of smell lost, taste good, hearing somewhat impau-ed. 
Suffers from severe headaches. Is said to be ‘very clever’. Adenoid facies; 
high narrow palate ; tubercle of Atlas very prominent ; thumbs very broad ; 
little fingers kinked like those of a Mongol ; viscera normal. 

Skiagram of skull (Plate 36, Fig. 20). Bulging in bregmatic region. Digital 
impressions very well marked. 

Case VII (Dr. Hutchison’s case). M. W., male, 9. (Plate 37.) Said to have 
been noiinal at birth. At 18 months had convulsions while teething, which re- 
curred at intervals for 3 months. Had a fall and whooping-cough about this 
time, when sight was fii'st noticed to fail. Born in Warsaw. The boy is clever, 
can find his way anywhere, and is distinctly musical. Mother had three mis- 
carriages. Marked oxycephaly: bregmatic I’egion pointed. Circumference of skull, 
19 inches; coronal suture, 13 inches. Vision very defective. Optic atrophy. Can 
distinguish light and dark, but cannot see fingers. Hands, feet, and viscera normal. 

Skiagi'am shows very strongly marked ‘ digital impressions ’. The vault is 
thin in the bregmatic region. 
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CEITICAL EEVIEW 


THE TEEATMENT OP GASTEIO ULCEE 

By EDMUND I, SPRIGGS 

The best treatment for a disease must be founded on a knowledsfe of its 

o 

cause. Although the circumstances in which an ulcer of the stomach arises are 
not yet known with exactness, observation and experiment have shown that 
certain conditions either predispose to ulceration or tend to prevent heahng. 

The type of ulcer that occurs singly or in small numbers is usually painful, 
is independent of any recognized infectious disease, and is found only in that 
part of the digestive canal w'hich is exposed to the gastric juice. The natural 
lining of this region, that is, of the stomach and duodenum, is normally capable 
of resisting the action of gastric juice, though, as Claude Bernard and Pavy 
showed, other tissues are not. Katzenstein (26), by a number of plastic operations, 
has demonstrated more recently how organs such as the spleen and jejunum are 
digested in the stomach even when their chculation is intact, but not the 
duodenum and stomach, whose resistance is attributed to the presence of an 
antipepsin ; antipeptic activity is, however, according to Wolff and Hirsch, as 
strong in the juice from patients with ulcer of the stomach as in that from 
normal stomachs, so that ulcers do not appear to arise because antipepsin is 
absent. 

After simple excision of a piece of mucous membrane healing takes place 
rapidly, as Pavy found ; to produce an ulcer the edges of the excised area must 
be held apart mechanically and the raw surface exposed to gastric juice of high 
acidity (Matthes) ; or necrosis of an area of mucous membrane must be caused, 
as by the injection into the Avails of the stomach of a fluid which is poisonous to 
its b'uiug membrane, the gastro-toxic serum of Bolton (5). 

Gross injury cannot be looked upon as a usual antecedent of gastric ulcer in 
man ; small areas of necrosis may, howcA^er, arise from bacterial infection. Tiirck 
produced ulcers experimentally by giving B. coli by the mouth in increasing 
doses to dogs ; after omitting the bacilli for a few days and then giving a dose 
again, symptoms ascribed to anaphylaxis appeared and peptic ulcei-s were found. 
It has long been knoAvn that in severe local or general infections multiple ulcei-s 
may be found, and may be the source of dangerous bleeding after operations. 
J. Hutchinson has described and collected a number of such cases. Now the ordinary 
gastric ulcer is found in patients who are not the subjects of any obvious general 

[(?. J. M., April, 1911.I 



400 


QUAETERLY JOURNAL OF MEDICINE 


infection ; but the symptoms of ulceration are commonly preceded by those of 
dyspepsia. S. Martin pointed out that ulceration occurs most frequently in 
that part of the stomach which does not sewete acid disinfectant fluid, and 
ascribed its origin to a small necrotic area, resulting from infection of a gland 
or a lymphoid follicle. C. H. Miller gives further support to this view from 
histological examination of healthy, dyspeptic, and ulcerated stomachs. In the 
healthy stomach an erosion or loss of superficial tissue would be speedily closed 
by contact of the neighbouring redundant mucous membrane, as in the experi- 
ments of Pavy and Matthes. In the dyspeptic stomach be found more fibrous 
tissue underlying the mucous membrane, with consequent loss of mobility, and 
an excess of lymphoid tissue in proportion to the glandular, especially at the 
pylorus and along the lesser curvature. He concludes that in the formation of 
an ulcer an enlarged lymphoid folbcle is infected, and forms a small abscess 
which bursts ; owing to the disproportion between the lymphoid and glandular 
tissue, or perhaps because a number of adjacent follicles are similarly affected, 
the mucous membrane does not close up the lesion, with the result that the base 
of the little abscess is digested and the submucous layer exposed, its vessels 
becoming thi’ombosed or eroded ; the surrounding inflammation favours the 
enlargement of the ulcer by lessening the contracting power of the muscular 
layer, as was sho-wm experimentally by Schmidt (52). 

Wc know that in the small intestine also the lymphoid patches are 
vulnerable areas, becoming the seat of the typhoid ulceration. If the origin of 
gastric ulceration in lymphoid follicles be accepted, something is done to explain 
the greater liability to the disease of young adults, who have reached an age at 
which dyspepsia is frequent, whilst the lymphoid tissues, which suffer partial 
atrophy later in life, are still abundant. A prolific source of bacteria is to be 
found in the decayed teeth and general sepsis of the mouth which often 
accompanies gastric ulcer. 

The fact, already mentioned, that ulceration of this type only occurs in the 
area of peptic digestion shows that the gastric juice plays an active part in 
forming the ulcer and probably in delaying its healing. In support of this 
Bolton (6) found that if peptic action was an-ested by neutralizing the juice an 
ulcer failed to appear even after an area of mucous membrane had been destroyed 
by the injection of gastro-toxic scrum ; whilst in the presence of normal gastric 
juice a damaged area became an ulcer, even thougli its cells had not been actually 
killed by the serum. Ulceration was also more easily brought about in the 
digesting than in the resting stomach. 

The degree of acidity of the gastric contents afiects the formation and 
healing of ulcers. Thus in ^latthes’s experiments an ulcer was not produced 
until a 0-5 per cent, solution of hydrochloric acid was left in the stomach. 
Bolton (6) also found that gastro-toxic ulceration was more extensive if the juice 
was h}'pcracid. Hyperacidity has been said to be a common or even a usual 
antecedent of ulceration. It is frequently present after the ulcer has been 
formed, but by no means always. Wolff, in 382 determinations after a test meal, 
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found the total acidity greater than 60 in 202, or 53 per cent. Out of 275 eases 
in which the free acid was established, in 21 per cent, the value was over 50, 
and in 38 per cent, over 40. Wolff (quotes a number of figures from other 
observers: — Ewald found hyperacidity in 34 per cent., Schneider in 19 per 
cent., and Wirsing in 43 per cent.; Riitimeyer found total acidity increased 
in 42 per cent., and excess of free hydrochloric acid in 38 per cent. ; 
Rheinwald gave 65 per cent, as the proportion of cases with hyperacidity. 
But W. H. Willcox, in a series of cases in which the presence of an ulcer 
^yas proved by subsequent operation, showed that the proportion of active 
hydrochloric acid is nearly always high in acute ulcers. The percentage 
of hydrochloric acid in the gastric juice as secreted probably seldom or never 
rises above 0-4 per cent., which may be regarded as a normal figure for pure juice, 
the weaker strengths commo-nly found being due in health to dilution or 
neutralization by food. The percentage in the stomach contents will the more 
nearly approach 0*4 per cent, the greater the amount of juice present in the 
stomach in proportion to the food or other material present. So that a high 
percentage of hydrochloric acid in the stomach contents is not to be ascribed to 
hyperchlorhydria, but rather to hypersecretion or to an accumulation of secretion 
owing to a delayed passage through the pylorus. Hypersecretion was observed 
by Pawlow even to three or four times the normal in an experimental cul-de-sao 
which was the seat of a round ulcer. The excessive flow was present during 
the development of the ulcer : the secretion increased when food was taken, and 
the increase lasted longer than in the healthy stomach. 

We have but little reliable evidence as to the effect of variations in the 
quantity of pepsin upon the occurrence of gastric ulcer. In any series of 
estimations the peptic activity does not necessarily correspond to the per- 
centage of hydrochloric acid (Wolff), but it appears that whenever hydrochloric 
acid is contained in gastric juice evidence of the presence of pepsin also may be 
obtained. 

Although the experimental evidence is clear that gastric juice is an 
important factor in the formation of ulcers, it is equally clear that ulcers can 
and do heal in spite of the presence of gastric juice. Scars of healed ulcers are 
found in patients who have not been treated ; other patients often give a history 
of attacks characterized by the symptoms of gastric ulcer, from w'hich they have 
recovered without special treatment; and ulcers in the stomach produced 
experimentally either by excision of an area of membrane or by gastro-toxie 
serum usually heal quickly and certainly. Bolton (6) found, for instance, that 
the ulcers produced in cats healed equally well whether the hydrochloric acid 
was increased or diminished Avithin the limits found in the human stomach, 
provided that the stomach emptied itself in a normal time. 

Delay in the discharge of the stomach contents, however, leading to a con^ 
tinuous application of gastric juice and of food to the ulcer, delays healing, 
although in the experimental ulcer it seldom prevents healing. When an ulcer 
heals, the base first becomes covered with a single layer of epithelium, and from 
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this layer the other layers and the glands are developed later. Grifiini and 
Yassale found that in cats fasting for four- to five days and then fed on milk 
a denuded area vas covered vrith a single layer of cells in eight to ten days, hut 
if solid food was given from the first day regeneration of the epithelium was 
only begun by the eighth to the twelfth day. Bolton ( 6 ) found also in cats on 
a milk diet that the base of a moderate sized ulcer was covered by the twentieth 
day, but not so soon in the meat-fed, and he attributed the delay to the longer 
sta3* of meat in the stomach, a conclusion which he proceeded to verify b}’ con- 
stricting the duodenum in cats ( 7 ). The result of the series of experiments was 
that whilst an ulcer in a stomach with a normal outlet was covered with a single 
layer of cells in eight to ten days, and showed regeneration of the duct 
epithelium in 16 daj-s, if the p3dorus rvas obstructed these periods became 41 
and 52 days respectivel3'. It will be noted that the delay is in the establishment 
of the single la3'er of epithelium, for when the ulcer is covered over the 
regeneration of the duct epithelium foUows nearly as soon as in the unobstructed 
stomach. Impediments to the gi-owth of mucous membrane over the ulcer 
appear to be either the presence of necrotic tissue over the ulcer, due presumabty 
to digestion b3’ gastric juice, or fibrosis of the base. The presence of necrotic 
tissue was observed in several meat-fed animals. This artificial motor insuSi- 
cienc3>' did not prevent healing, but only postponed it ; neither did the ulcers 
extend. The dela5' must not be attributed enthely to the action of acid gastric 
juice upon the ulcer, for the contents of the dilated stomachs w'ere often alkaline 
or neutral : in such cases the ulcer w'ould be in contact with plentiful bacterial 
poisons. The chronic peptic ulcer foUowing subdiaphragmatic section of the 
vagi, produced b3’ van Yzereu, was shown by him to be due to increased tone 
of the pylorus. 

Chlorosis is to be regarded as a predisposing cause of gastric ulcer probabl3' 
on account of the dyspepsia so common in that condition. Schmidt draws 
attention to a lessened motility of the stomach in chlorosis, a view which is sup- 
ported by Ageron’s observations wdth the sound. Gastric juice w'ould then be 
liable to accumulate. The anaemia associated with the dyspepsia of older 
people is usuall3* secondar3’- to the dyspepsia. Anaemia from any cause is likel3' 
to hinder the healing of an ulcer. Quincke and Daettwyler found that ulcers 
which healed easily in normal dogs did not when the animals had been rendered 
anaemic b3* withch-awal of blood. 

From a consideration of the experimental work we ma3' conclude that 
chronic gastric inflammation rvith the accompan3'ing overgrowth of lymphoid 
tissue, particularl3' when associated with oral sepsis and anaemia, predisposes to 
gastric ulcer ; that acute ulcers tend to heal spontaneously ; that healing is post- 
poned by dela3- in the empt3ing of the stomach, leading to the continued 
application to the ulcer of gastric juice or of putrefying matter, and 1)3' 
anaemia. 

\S’e may now proceed to re\iew the clinical methods advocated for the 
treatment of gastric ulcer. 
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Upon one point authoi’ities are unanimous, namely, that the patient must 
he in bed. Rest was insisted upon by Cruveilhier, and practised and taught 
by Wilson Fox, Foster, and Williams. The period of rest in bed advised 
varies, as we shall see, considerably, the minimum being about fourteen days. 
Authorities are also agreed that the ulcer should be protected from all harmful 
influences such as movement of the stomach and mitation by food or by 
gastric juice ; but there is not agreement as to how this protection can be best 
afforded. 

We must remember that cases of gastric ulcer differ widely in character. 
There are two gi’eat classes of the disease, the acute and the chronic. Acute 
gastric ulcer, if brought under suitable- treatment without too great delay, is in 
most -cases an easily eui’able disease, comparable with the ulcers produced 
experimentally in animals, which, as we have seen, tend to heal spontaneously, 
even under adverse conditions. Chronic gastric ulcer, on the other hand, is 
often extremely resistant to treatment, though fortunately it is less common than 
the acute form. Between typical cases of the acute and the chronic type are all 
manner of grades. It follows that as regards rest or any other measure which 
the physician may applj' success will depend upon the adaptation of the treat- 
ment to the particular' case. 

Many cases with haemorrhage in young women recover so quickly and so 
completely that it has been doubted whether they are the subjects of gastric 
ulcer, Donald Hood in 1892 wrote a paper expressing the view that ‘the 
haematemesis of early adult female life need not necessarily be due to ulceration 
of the stomach, but ... is possibly the result of venous congestion or stasis in 
the vessels of the oesophagus or stomach ’. In 1906 Hale White collected 
a number of cases, including eight in which no lesion was found after death to 
explain the haemorrhage, and called the condition gastrotaxis. Apart from the 
multiple erosions occurring in a number of toxaeinic states it cannot he said that 
the existence of gastrotaxis is proved ; for it is very easy to miss a small acute 
ulcer post mortem ; indeed, an almost microscopic lesion may erode a vessel and 
cause profuse haemorrhage, and yet such a lesion must be regai'ded from the 
points of view of pathology, symptomatology, and treatment as an ulcer. Millei'’B 
work above referred to makes it likely that acute ulcers arise from such small 
lesions ; the difference between gastrotaxis and gastric ulcer would then 
simply depend upon what stage the ulceration had reached when a vessel was 
opened by it. The calling of attention to gastrotaxis has, however, done a 
service in stimulating observers to make an exhaustive examination of the 
mucous membrane in cases dying after haematemesis. 

In discussing the various dietetic methods employed I shall, in order to 
give a complete view of the treatment, mention the medicinal or other measures 
used at the same time by the phj’^sicians who may be referred to, although 
medicines will also be separatel}"^ discussed later in the article. 
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Dietetic Methods. 

The method of temporary starvation, with or without nutrient enemas, 
followed by a gradual milk diet is founded on the principle that if no food is 
taken by the mouth absolute rest will be afforded to the stomach, rest being as 
conducive to the healing of an ulcer in the stomach as of a bone in the leg. If 
the principle is carried out logically no fluid, not water nor ice, should be given 
by the mouth, for, as Rolleston (47) points out, water is passed on from the stomach 
to the intestine, involving peristaltic movement of the stomach wall, at aU events 
in the horizontal position. Rectal injections of ten to twenty ounces of water 
at 100° E. are given four times in the day. 

Authorities vary as to the length of time that the patient should be pre- 
vented from taking food by the mouth. Dreschfeld advised ten to fourteen days 
if water injections only are being given. A well-nourished patient, as many of 
the subjects of gastric ulcer are, will bear deprivation of food for this period or 
even longer, but it should not be advised for a thin person. But. for any longer 
time than two or three days nutrient enemas are usually supplied. 

The metabolism experiments of Ehrstrdm, Zehmisch, Bial, and Boyd and 
Robertson, have shown that sugar, peptone, and the fat of the yolk of egg 
or of milk, are absorbed in a fair proportion from the bowel, but albumin 
and globulin only in a slight degree. Grape sugar is better absorbed than 
cane or milk sugar, and absorption is aided if these foods are conveyed in 
1 per cent, salt solution. Boyd and Robertson, as a result of their observations 
and those of others, recommend an enema of the yolk of two eggs, one ounce of 
pure dextrose, eight grains of common salt, and peptonized milk up to ten ounces. 
This amount is retained if run in slowly three times a day, the bowel being 
wjished out with normal saline solution once a day. The three enemas have 
a caloric value of 900 calories, and of this absorption may take place to the 
extent of between three and four hundred calories. A woman of average weight 
lying in bod uses about 1,250 calories of energy in a day, so that enemas cannot 
be expected to furnish more than a third of the requirements of the body. This 
third is valuable, however, and may be expected to prolong greatly the length of 
time for which deprivation of food by the mouth can be borne. Dreschfeld 
recommended that the enemas might be continued for about three weeks, but 
that exclusive rectal feeding should not be continued beyond ten or perhaps 
fourteen days. 

The first food to be given by the mouth is milk in quantities of two ounces 
every two hours, for nine doses in the twenty-four hours : it may be diluted with 
water, barley-water, or lime-water in the proportion of two of milk to one of 
the diluent. Most physicians who employ this method give food earlier if there 
has been no haemorrhage. 

In the absence of pain the milk is gradually increased until four to six 
ounces are taken at a time, and three to four pints in the day. It should not, at 
all events on theoretical grounds, be peptonized, for there is no difficulty in the 
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digestion of casein in the adult intestine, nor is it hnown to irritate the stomach, 
■whereas alhumoses and peptones are irritating if present in any quantity. As 
soon as the patient can bear a fair quantity of milk without pain rectal feeding 
is discontinued. The diet is then gradually increased. 

We may take H. P. Hawkins’s account as an example of the way in which 
food is added, although he does not recommend deprivation of food by the mouth 
for more than a few days. Some casein preparation is first given with the milk, 
and about a fortnight after the mouth-feeding was begun such foods as arrow- 
root, bread and milk, rusks and milk, cornflour, Benger’s food, or thin bread and 
butter, two pints of milk being still taken in the twenty-four houi-s. At the 
end of four weeks, if there is no discomfort, two or three eggs are allowed, with 
bread, rusks, sago, tapioca and potato purde, milk soup, mutton broth, and beef 
tea. This diet of milk, eggs, carbohydrate, and fat is maintained for a further 
fourteen days. Hawkins believes that extra days spent upon it mean an 
increased chance of sound and. permanent healing. Fish and chicken are not 
taken until at least six weeks after the beginning of mouth-feeding, the patient 
being now allowed up during part of the day. If no discomfort follows, the diet 
is then varied ; any article of food which gives pain or discomfort being, of 
course, at once withdrawn. An ordinary diet, containing meat and vegetables, 
is postponed until the patient has shown that she is capable of digesting other 
foods perfectly, while carrying out her usual duties. 

I do not know of any really large series of published cases treated by this 
method in its entirety : unfortunately the pressure on beds of hospitals is so 
gi’eat that it is difficult to keep patients in two or three months as a routine, 
even if they were willing or able to stay. Dr. Hawkins tells me, however, that 
a good proportion of the 556 cases, a review of which he published with 
Mr. Nitch, were subjected to this regime, and most of them were dieted on 
similar though not identical lines, especially as regards the important matter of 
length of stay in hospital, which they estimate roughly at an average of four 
weeks only. 

The 556 cases admitted to St. Thomas’s Hospital included 77 cases of 
general peritonitis from perforation, of which 47 died; 15 cases of perforation 
with local peritoneal infection, of which 11 died; and 45 cases suffering from 
sequelae of gastric ulcer, of which 11 died. Including all these the total 
mortality was 13-3 per cent. In 419 cases of simple ulcer the mortality rate 
was 1*2 per cent. The mortality during treatment is low, as we shall see, in all 
series : but, as Hawkins and Nitch point out, a proportion of the cases, which 
they put at about 10 per cent., is readmitted subsequently on one or more 
occasions on account of recun'ence of symptoms, and an unknown further 
proportion is treated at other institutions or at their homes. The death-rate 
from haemorrhage was low, namely, less than 1 per cent, of 419 cases of .simple 
ulcer, and 0-7 per cent, of 556 cases of simple ulcer, perforated ulcer, and their 
sequelae. 
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The practice of 'withholding food by the mouth for a week or more has been 
the subject of much discussion : it is founded upon an argument which deserves 
gi-eat respect, namely, that complete rest is thus given to the stomach. In well- 
nourished patients the starvation or semi-starvation can be easily borne. Thirst 
is often distressing, however, even though saline fluid be injected into the bowel. 
In thin women, reduced by haemorrhage or a long period of low diet or both, 
it must be admitted that a further abstinence from food is harmful to 
their nutrition, increasing the anaemia and necessitating a protracted conva- 
lescence after the ulcer is healed. Parotitis has been observed many times and 
almost always in patients taking no food by the mouth. It is to be attributed 
to a direct infection from the mouth and occum in spite of antiseptic mouth 
washes. RoUeston and Oliver refer to 23 cases of which 21 were taking 
nothing by the mouth and the remaining two, on rectal feeding, were allowed 
to suck ice only. Acidosis occurs frequently: Rolleston and.Tebbs observed 
the diacetic acid reaction in the urine in 33 out of 38 women under treatment 
to whom no food was given b}'^ the mouth ; the reaction usuall}’^ appeared about 
the second or third daj’’ and disappeared at a variable time after the return to 
mouth-feeding. In men it appeared later and was more transitory. 

It is not knonm whether the gastric juice is completely absent in the fasting 
stomach if enemas are given. Bourget, Wintemitz, and Umber have reported 
the secretion of juice when a nutrient enema is given, the last named observing 
the flow from a gastrostomy wound. Ewald and Michael, however, could not 
satisfy themselves that there was much secretion, and thought that if it occurred 
it must be so little as to be negligible. If gastric juice is secreted it will be 
harmful to the ulcer : if it is not, it is probable, as Hawkins pobats out, that 
there is an abnormal growth of bacteria in the stomach, as there certainly is on 
the tongue. 

The unpleasantness of enemas, whether of saline solution or of nutrient 
material, must be counted as a drawback to the treatment ; also, what is more 
important, the impracticability of their .successful administration when trained 
nursing is not available, that is to say, in most of the homes of the class which 
is specially liable to gastric ulcer. 

On account of the difiiculty and unpleasantness of rectal medication, and of 
the miserable condition of the patient during the period of starvation or semi- 
starvation, the full regime, as above described, has not been widely practised 
except in hospitals. These considerations cannot, however, be accepted as con- 
demning the method if it can be shomi that better results are obtained by it 
than by other methods. 

As a matter of fact, most physicians have admitted the theoretical argument 
us to the advantage of keeping the stomach empty, but in favourable cases, that 
is to say, cases in which haemoiThage has been absent or .slight, and does not 
recur, have allowed food and omitted nutrient or saline enemas in the course of 
thi'ee or four days, if pain and tenderness on pressure are absent, after which 



THE TEEATMENT OF GASTRIC ULCER 


407 


a milk or fluid diet is pereisted in for a considerable time. Beef-tea was formerly 
used in such a diet as an alternative to milk,’ but is not so much now that its 
poor food value has been recognized, and especially since its power of exciting 
the secretion of gastric juice has been known, . 

On the Continent the combination of a short period of rectal feeding followed 
by a diet gradually passing from milk to ordinary foods has met with wide 
acceptance, and particularly the routine associated with the names of v. Leube 
and Ziemssen, which will now be described. 

The patients are kept in bed for from ten days to two weeks ; hot poultices 
are applied frequently to the epigasteium, unless there is haemorrhage, when an 
ice-bag is substituted ; and 9 ounces of Carlsbad water are given lukewarm 
daily in the morning on an empty stomach. Carlsbad water may be imitated by 
prescribing 22 grains of sodium sulphate, 12 grains of sodium bicarbonate, and 
10 grains of sodium chloride to the pint of water. Patients without haemoiThage 
begin the diet at once, those with haemorrhage are fed rectally for three 
days. 

The diet is arranged to give a good deal of nourishment with a minimum of 
gastric work and of mitation, and is arranged in four periods. First period, 
ten days : Small quantities of boiled milk, meat extract, soup, and unsweetened 
biscuits. Second period, seven days'.. Gelatinous soups, rice and sago cooked 
with milk, raw and lightly boiled eggs, boiled calves’ brains, and boiled chicken 
and pigeon without fat or skin. By this time or, in favourable cases, at the end 
of the first period, the patient is out of bed. Third period, five days : Minced 
underdone beefsteak, potato soup, rice soup, and a little tea or cofiee are 
added. Foicrth period, from the twenty-second day to the end of the fourth week : 
Tender beef, roast chicken and pigeon, well-cooked venison or pariridge, maca- 
roni, and a little white bread are now allowed. From the fifth week on, a return 
is gradually made to ordinary food. 

Under this plan of treatment the patient is taking a nourishing diet in 
a fortnight, v. Leube has repoi’ted the treatment of 627 cases in the last 
eleven years with a mortality of 0-3 per cent. Of these, 90 per cent, are 
classified as well on giving up treatment, 8-5 per cent, as improved, and 
1 per cent, as unimproved. In v. Leube’s earlier series the mortality was 2-4' 
per cent. 

There is difference of opinion, as we have seen, as to when to begin the 
mouth-feeding. It is clear that no rule of thumb will serve here, for neither 
patients nor their diseases are cut to one pattern. If haemorrhage has been 
recent, and if the physician takes the view that anj’^ food in the stomach is likely 
to cause a recuiTence until the wounded vessel is soundly sealed, his practice 
should be to give no food by the mouth imtil all evidence of blood in the faeces 
is gone. Small leakages may be detected by the tests for ‘ occult ’ blood. Tiie 
benzidine test is the most sensitive. Dr. Buckmaster has Icindly recommended 
to me the following method of applying the test : — A knife-point of benzidine is 
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dissolved in 3 c.c. of glacial acetic acid, and to this a watery extract of faeces, 
which has been boiled, is added in the proportion of 3 or 2 parts of the solu- 
tion to 1 of the extract. Then mix and add 2 c.c. of 3 per cent, peroxide of 
hydrogen and allow to stand. A colour, green to bine-green, develops according 
to the amount of blood present; if a good deal, at once, if little, in a few 
minutes. 

The point in v. Leube’s routine which is perhaps open to most criticism is 
the short time of rest in bed. Most physicians are agi-eed that there should be 
complete rest for longer than ten days or a fortnight, and many will agree 
with Schmidt when he says that rest in bed is more important than all other 
measures. 

Ewald follows a similar plan, but has given up poultices without recognizing 
any disadvantage, and docs not prescribe a daily draught of Carlsbad water, 
relying on an enema every second or third day to open the bowels. Neither of 
these measures has found great favour in this country, although, in the absence 
of haemorrhage, a poultice will often relieve pain and obviate the necessity for 
an opiate in the early days of rest in bed. The exact diet taken for the first 
fortnight by a patient progi'essing favourabl}’- is set forth in the following 
scheme. The table is taken from the recent paper by Wolff in which Ewald’s 
methods and results are described fullj'. The quantities are translated into 
Imperial measures : — 


Table I. 


Daj- of Treatment. 

1 

2 

3 

4 

5 

G 

B 

8 

9 




14 



Nutrient enemas . 

3 

3 

3 

2 







mil 



mm 


Cream, oz. ... 











7 


7 

7 

7 

Milk, oz 




IG 

25 

25 

36 

50 

54 

54 

46 


46 

72 

72 

Eggs 





1 

2 

3 

5 

5 

5 

5 

3 : 2 

2 

4 

4 

Soup, oz 








4 

4 

10 

18 

18 1 18 

10 

10 

10 

^Minced ham, oz. . 








1 

1 

1 

1 

2 2 

3 

3 

3 

Minced veal, oz. 









2 

2 

2 

2 ' 2 

3 

2 

3 

Biscuits {number) . 












3 3 

5 

6 

6 

Gruel of oatmeal 
















or rice, oz. . . 










3 

3 

4 4 

4 

4 

7 

Mashed potato, oz. 












4 4 

4 

4 

4 

Vegetables (spin- 
















ach), oz. ... 















2 

Calorics . . . *400 


■ 

581 5G1 

V 

632 

913 

1465 

1535 

1668 

2033 

2176 2105 

2132 




The enema used by Ewald consists of nine ounces of mUk, two eggs, a drachm 
and a quarter of Tropon (a preparation containing a mixture of vegetable and 
animal protein), a Icnife-point each of salt and sugar, and a few drops of tincture 
of opium. As has been shown above, such knowledge as we have of the absorp- 
tion of food from the bowel leads to the conclusion that the enema would not 
lose in value if the white of the eggs and the Tropon were left out, whilst more 
of it would be absorbed if the milk were thoroughly peptonized. More sugar 
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might be added with advantage. Wolff remai-ks that the psychical effect of the 
enema is good, from which, we may perhaps conclude that it is not supposed 
to furnish much energy to the body. Acute parotitis is not reported in patients 
kept on enemas for three days only. 

Wolff’s paper refers to 700 cases treated by Ewald. Complete recovery 
was attained by 48-8 per cent., improvement in 31-6 per cent., 13-2 per cent, 
were passed on to the surgeon, 4 per cent, were no better, and 2-3 per cent. died. 
The value of these results turns upon what is meant by improvement. We shall 
see later that in an inquiry into aftei’-results it appeared that 55 per cent, of the 
patients remained free from pain or dyspeptic symptoms of any kind. Ewald’s 
experience, agi-eeing with that of other observers, is that a better prognosis can 
be given in cases of haemorrhage, than in those free from that symptom : 
probably the alai'm accompanying a loss of blood contributes much to the 
thoroughness with which the , treatment is carried out, especially as regai’ds 
complete rest on the part of the patient. Haemorrhage is also often, though not 
always, evidence of the acuteness of the ulceration, and acute ulcers heal much 
better than chronic ones. Out of 652 of Ewald’s cases 11 died from haemor- 
rhage. One had lost but little blood, but suffered from, fatty degeneration of the 
heart. Two others were operated on unsuccessfully. If these three are excluded 
the deaths from haemorrhage are reckoned at 1-2 per cent. 

Weintraud has followed the Leube regime on the whole, but omits the 
Carlsbad water and does not allow a patient to get up until she can take 
a mixed diet without any pain, a regulation of the highest value. He reports 
a series of 133 cases with no death: two-thirds of the cases suffered from 
haemorrhage. He records his impression that the large doses of bismuth now 
given are beneficial. A similar plan of treatment has been recommended by 
Saundby for many years ; in 1891 he advised, in cases of haemoiThage, rectal 
feeding for a day or two followed by equal parts of milk and lime-water in 
ounce doses every hour. Then bread and butter and custard were given, and 
later eggs and pounded chicken, the patient being led to a full nourishing 
diet as soon as possible. An iron pill and magnesia were ordered to be 
taken daily. 

In aU the above-mentioned methods of treatment nutrient or saline enemas 
are administered for a longer or shorter time, if not in all cases, in those with 
bleeding from the ulcer. The majority of patients with gastric ulcer in private 
practice, however, do not receive rectal feeding, for this is only practicable when 
some form of skilled nursing is available, whereas the disease is commonest 
among jmung women of the poorer classes. Probably most practitioners follow 
the plan of starving the j)atient for two or three days, allowing a little ice to 
suck, or sips of iced milk or water, and begin regular feeds of milk about the 
third day, which are increased until the patient is taking three pints in the day. 
After this the milk is thickened, custard and eggs are added, followed by soups, 
bread and milk, milk puddings and fish. Meat is left till last. The presence or 
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absence of pain after food is taken is the chief guide in prescribing the diet from 
day to day. We have no means of estimating the percentage of successes 
obtained by this treatment, from any published figures, but it may be said 
that though gastric ulcer is a common disease death from gastric ulcer is not 
common. 

Neither have nutrient or saline enemas received acceptance in all hospitals. 
Di'. F. J. Smith informs me that the treatment he prescribes at the London 
Hospital is as follows : — For the first twenty-four houm water only is given. The 
patient is then allowed three small meals in the day, not milk alone, but milk 
and aiTOWi’OOt, soup or beef-tea, followed by boiled egg, bread and butter, and 
a cup of tea. In five or sis days minced fish is allowed, the duration of treat- 
ment being a fortnight to three weeks. The same routine is followed whether 
there has been bleeding or not. We cannot judge of the ultimate success of this 
routine as the figures recently quoted by Dr. Smith refer to patients in the 
hospital under different physicians. Of 606 cases treated medically in the 
yeai-s 1899-1908 the mortality was 9-4 per cent. Of 314 cases treated surgically 
in the years 1903-7, excluding perforations, the mortality was 17 per cent. 
Many of the surgical cases were severe cases in which medical treatment had 
failed. The death-rate in large institutions is likely to be higher than in series 
treated by only one man. The London Hospital is also in a very poor district, 
and among the most ignomnt classes patients ai'e often not brought to hospital 
until their state is serious. Of the 606 cases treated medically relapse was 
known to occur in 12-3 per cent., and of the 321 cases treated surgically in 
8*9 per cent. The figures include gastric and duodenal ulcers in the proportion 
of about ton to one. 

In 1901 Lonhartz of Hamburg made a new departure in the theory and 
practiee of the treatment of gastric ulcer. His treatment is founded on the 
propositions that the presence of semi-solid food in the stomach is not so harmful 
to an ulcer as that of gastric juice without food : that gastric juice is not entirely 
absent in the fasting stomach, and in addition to irritating an ulcer may cause 
recurrence of haemorrhage by dissolving a clot: that the subnutrition accom- 
panying rectal feeding and a milk diet is prejudicial to the healing of an ulcoi’. 
The experimental observations of Matthes, Quincke, Umber, and others rcfeired 
to above, are quoted in support of these propositions. An essential point of the 
method is that the food introduced into the stomach shall be of such a nature as 
to excite but little flow of juice, and to neutralize the hydrochloric acid of any 
that is seci-etcd ; also there must always be some food in the stomach in the 
waking hour’s, but never enough to distend it. For this pui’pose teaspoonful 
doses of beaten-up egg and mUk are prescribed Egg albumin rapidly combines 
with hydrochloric acid. Milk calls forth less secretory activity in the stomach 
than any other food. The fat of the yolk of egg and of the milk is known to 
inhibit the secretion of juice. Nothing else but milk, egg, and a little sugar 
is allowed for five days. As the food is given in such small quantities the 
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movements of the stomach are reduced to a minimum. Experiment shows^ 
as -we have seen, that distension of the stomach, by keeping the mucous 
membrane from closing over an ulcer, is likely to be far more harmful than 
contraction. The feeding is begun within a few hours of haemorrhage. 

The general routine of the treatment advised by Lenhartz is as follows : — 
The patient is kept absolutely in bed for four weeks, for the first two of which 
she is not allowed to move from the supine position for any reason whatever. 
AU mental excitement must be avoided. An ice-bag is kept upon the stomach’ 
almost continuously for the first two weeks. The dietary consists of eggs beaten' 
up with sugar, or in some cases with wine, and iced ; and of milk. These two' 
foods are taken in small quantities at frequent intervals from a' teaspoon, the 
quantity prescribed being spread over the day, and not given at definite meal-- 
times. The first day 7 to 10 ounces of milk are given and one egg. The 
quantity is increased daily by 3-| ounces of milk and one egg until 1| pints of 
milk and six eggs, or in some cases eight eggs, are reached. If there is 
any pain, or distension the quantity of milk is reduced. From about the third 
to the eighth day raw, or almost I'aw, mince is added, starting with an ounce 
in divided doses, either beaten up with the egg or alone ; the next day, if 
the mince is well borne, 2 ounces are given. From the seventh to the eighth 
day boiled rice is added, followed by softened bread and later by a small 
quantity of bread and butter. One or more eggs may now be lightly boiled. 
The diet is then gradually increased by the addition of meat or pounded fish, 
with a corresponding reduction of eggs, until by the end of the fourth week the 
patient is on an ordinary mixed diet containing the common food-stulfs with the 
exception of indigestible solids such as peas and other seeds. The patient is 
instructed to masticate very slowly. On the twenty-eighth day the patient is 
allowed to get up, and discharged from the sixth to the tenth week. For the 
first ten days bismuth subnitrate is given in doses of 30 grains in water without 
mucilage twice or three times a day. From the sixth to the tenth day sulphate 
of ii’on is prescribed in the following form : — 

Sulphate of iron ....•••• 150 gi-ains. 

Calcined magnesia 20 „ 

Glycerine 1 drachm. 

MK- and divide into 60 pills. 

Two of these are given two or three times a day. Lenhartz increases the 
dose gradually, giving three for three days, four for four days, up to 'ten foi ten 
days, and then down again. In some cases arsenic is added. The bowels are 
not disturbed at all during the first week unless they are naturally opened. An 
enema is then given and repeated every fourth day during treatment. The 
mouth should be washed out and attended to regularly. 

The following table shows a tj'pical diet for the first fortnight; the 
quantities are given in Imperial measui’es. 


[Q. J. M., April, igii.] 
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Table II. 



D 


3 

4 

5 

6 

7 

8 

9 






■Eggs 

2 

3 

4 

5 

6 

7 

8 


8 

8 

8 

8 

8 

8 



beaten up 


4 beaten up 

4 lightly boiled 



maximum 



Sugar added to eggs, oz. . 





1 

1 

li 

29 

1^ 

32 

2 

2 

2 

2 

2 

2 

Milk, oz 

7 

10 

14 

18 

21 

25 

36 

36 

36 

36 

36 

36 


in spoonfuls 










Raw mince, oz 

Rice boiled in mOk, oz. 






1 

2 

2 

2 

2 

2 

2 

2 

2 







4 

4 

7 

7 

10 

10 

10 

14 

Biscuits (of -J oz. each) . . 








1 

2 

2 

3 

3 

4 

5 

Raw or underdone meat, oz. 










2 

2 

2 

2 

2 

Butter, oz 










a 

4 

1-1- 

14 

14 

u 

Calories 

280 

420 

G37 

777 

95.5 

1135 

1588 

1721 

2138 

2478 

2941 

2941 

3007 

3073 


As regards the features of the later treatment, it is to be noted that 
a month’s rest in bed is ordered, and a further month or six weeks under 
observation. No patient is regarded as cured until not only have all symptoms 
vanished, but the motions have been free from blood for several weeks, and the 
haemoglobin percentage is raised to a normal figure. 

In 1909 Lenhartz reported 295 cases, of which 262 had suffered from 
severe bleeding. Seven died, a mortality of 2-3 per cent. After the publication 
of the first 60 cases treated on this plan (lil^agner) a chorus of caution arose 
condemning the putting of food into a stomach which had recently bled. The 
criticism appeal’s weighty, but when John Hunter’s principle is applied it loses 
much of its force. Indeed several observers now report that the method 
of immediate feeding gives more favourable results in cases of haomoi’rhage, 
Wolff, after a critical coirection of the statistics of Lenhartz’s series of 295 cases, 
and Ewald’s of 652 cases, concludes that the mortality from haemorrhage works 
out at 1 per cent, and 1-2 per cent, respectively. It is an interesting sign 
of the change of opinion following on the extensive trial of immediate feeding 
that Wolff is concerned rather to defend Ewald than to attack Lenhartz, for he 
remarks that the figures show that abstinence from food is not more dangerous 
than feeding. Minkowski in 1905 reported favourably of the method, which he 
had used in 30 cases. 

Wii’sing reported 42 cases in 1906, 14 of which had had recent haemate- 
mesis. In one case haemon-hage recurred. In 27 of these patients the aciditj- 
of the stomach contents was estimated : it was found that during the treatment 
the amount and percentage of hj-drochloric acid were diminished, the latter 
falling on the average from 0-14 to 0-11 per cent. Some cases did not show 
this, and yet progressed as well as the othei’s. 

Lambert in 1907 published 5 severe cases, all of whom did well on the 
treatment. One was a -n’ornan of thirty-two years, who, after seven days’ rectal 
feeding and seven days’ careful feeding by the mouth with peptonized milk, still 
had occult blood in the stools and a haemoglobin percentage of 39, and the 










THE TREATMENT OF GASTRIC ULCER 


413 


question of operation was being mooted. The Lenbartz ti-eatment resulted in 
a cure. Another patient objected to the diet, even to the point of nausea and 
vomiting, but, nevertheless, after the cessation of the diet for one day, did well. 
In another haemorrhage went on until the thirteenth day, and the case was 
regarded as below the safe limit for surgery, and yet made a good recovery on 
this treatment. A fourth case with signs of peritoneal irritation, leucocytosis, 
and a temperature of 100° to 104°, also recovered. In a fifth case, in which the 
haemoglobin was reduced to 20 per cent., in spite of an attack of enteric fever 
upon the twenty-second day, the treatment proved successful. 

A trial of the method was made by myself in 1906 (58, 59). From 
a comparison (57) of 33 cases with haemorrhage treated in St. George’s Hospital 
by this diet with 34 cases treated bv other methods, the conclusions were drawn 
that the Lenhartz method of treatment is not more dangerous than treatment by 
nutrient and saline enemas followed by a graduated milk diet ; in these particular 
cases it was found that the recurrence of haemorrhage was less frequent and there 
were no deaths : that the pain suffered by the patient in the course of treatment 
is less on the Lenhartz diet: that the diet gives far more nourishment than 
can be introduced into the body by nutrient enemas, and is, therefore, desirable 
in patients who have frequently been for a long time in a state of semi-starva- 
tion, or have suffered a loss of blood, or both. In my cases the mincemeat was 
lightly cooked, the carbonate or oxychloride of bismuth was substituted for the 
subnitrate, and the iron pill was not given more than three times a day. 

Langdon Brown has reported favourably of his experience of the diet. 

Mayerle reports 71 cases, of which 29 had suffered from recent haemorrhage. 
He replaced the raw mince by cooked mince, and gave some such food as 
Hygiama ^ instead of the last four eggs. In no case did he think any harm was 
done by the feeding. Healing took place in 86 per cent., in 65 per cent, 
straightforwardly, in 11 per cent, more slowly, and in 10 per cent, after relapse. 
In 3 cases there was some recurrence of bleeding. In 10 per cent., 7 cases, 
the treatment did no good, and 7 per cent., 5 cases, could not endure the diet. 
He speaks well of the treatment, but recommends that more fat should be 
added to the diet in cases of hj’-persecretion, and that in chronic cases with but 
little secretion less protein shoul be given, with an increase of both fat and 
carbohydrate. 

Weintraud admits that lenhartz’s method of treating bleeding ulcers is 
now justified by results at least as favourable as are obtained by v. Leube’s 
method, 2-3 per cent, of deaths as compared with 2-5 per cent. He finds, 
however, that in cases marked by much pain after food, milk and thin soups, 
with some farinaceous food such as MeUin’s, Nestld’s, or Hygiama, are more 
successful in arresting the pain ; morphine or codeine must sometimes be used as 
well. Lenhartz, on the other hand, says he does not find that any opiate is 

’ Hygiama is a milk food witk the addition of meal and cocoa butter. In general 
composition it resembles Allenbuiy No. 1 and John Bull No. 1 Foods, but it contains some 
uninveited starch. Maltico and Nutroa are also similar foods 

E e 2 
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needed by bis patients. If vomiting is severe, and especially if blood is brought 
np, Weintraud prefers abstinence and morphia to giving any food, but onl}'- for 
about twenty-four hours. He fears that the success of the Lenharfcz method may 
lead to its becoming too rigidly followed. 

Lenhartz claims that, owing to the protection afforded to the newly-formed 
thrombus by the neutralization of the gastric juice by the protein of egg and 
milk, recurrences of haemorrhages are less frequent in patients under his treat- 
ment than in others. He quotes some remarkable instances of patients who had 
bled repeatedlj^ in whom the bleeding ceased immediately feeding was begun. 
I have published a case of this kind (.56) in which seven large haemorrhages had 
occurred in the course of a week. The patient had been treated with morphine, 
an ice-bag, rectal and intravenous injections of saline solution, horse serum, and 
adrenalin. She was in an extreme condition, the pulse scarcely palpable, in 
spite of continuous saline subcutaneous infusion. Operation was judged to be 
impracticable. Feeding with milk and eggs in teaspoon doses was begun, and 
there was no more bleeding, the patient making an uninterrupted recovery. 
The recital of such cases does not prove that the feeding caused the improve- 
ment, because it is well known that the most remarkable recoveries after 
bleeding are seen. It does seem clear, however, that the feeding did not pre- 
dispose to further baemoiThage, and the I'apid increase in the energy value of the 
food must be of ginat advantage to an impoverished, anaemic patient. 

Eisner, whilst supporting the principle of early feeding with a diet which 
is non-irritant and will bind hydrochloric acid, points out that minced meat 
makes it impossible to test the faeces for minute quantities of blood, and thinks 
that eggs are unpleasant to take. He gives increasing doses of milk with 
Hygiama and large doses of alkali. The following are the proportions of milk, 
Hygiama, and sugar recommended for the first six days : — First day, 8 ounces 
of milk, two-thirds of an ounce of Hygiama, and two-thu’ds of an ounce of 
sugar. Second day, 11 ounces, 1 ounce, and two-thirds of an ounce respectively. 
Third day, 20 ounces, 2 ounces, and 1 ounce. Fourth day, 28 ounces, 3 ounces, 
and 1 ounce (1,000 calories). FifiJt day, 35 ounces, 4 ounces, and 1 ounce 
(1,220 calories). On the sixth day, butter, cream, biscuit, raw or lightly cooked 
eggs arc allowed. Three and a half ounces of Hygiama are about equal in food 
value to a pint of milk. Allenbury No. 1 food may, as has been mentioned, be 
used in place of Hygiama. Eisner gives a teaspoonful of bicarbonate of soda or 
of magnesia thj-ee or four times a day, but objects to an iron pill on account 
of its iiTitating propei-ties. It may be doubted, however, whether the iron pill is 
as irritating as the above repeated dosage with alkali, or whether it is as 
good to bind the hjJrochloric acid witli an inorganic alkali as with fluid or 
semi-fluid protein, which has the double advantage of combining with acid and 
supplying food. 

A method of immediate feeding differing in some respects from that of 
Lenhartz is used by Senator, who recommends teaspoon doses of an 8 per cent, 
solution of gelatin eveiy hour or two, or every quarter- or half-hour if bleeding is 
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severe, with the object of ai'resting haembiThage and sparing protein. Fat" is 
given in the form of nine ounces of cream and an ounce of butter in the twenty- 
four hours. The butter may be in the form of frozen pellets which are sucked 
by the patient. Then milk, beaten eg^, and scraped . meat are given, the 
gelatin being gradually left, off but resumed if there ,is any more bleeding. If 
the patient can take this quantity of cream the energy value of the food is 
greater than that of the Lenhartz diet for the first few days, reaching 900 to 
1,000 calories. Senator reported fifty cases fed in this way, of which two died, 
that is, 4 per cent. Weinti'aud criticizes . this treatment, having found that 
gelatin by the stomach is often followed by nausea and vomiting. 

In former days fatty foods came to be thought unsuitable for patients with 
any disease of the stomach, as being likely to cause ‘ bilious ’ vomiting. When 
the work of Pawlow and his school showed that fats lessen the secretion of 
gastric juice and begin to pass the pylorus earlier than other foods their value 
in hypersecretion (3) and pyloric spasm was recognized. In 1900 P. Cohnheim 
introduced the use of olive oil for ulcers and their sequelae, such as stenosis, 
hyperchlorhydria, pain, spasm, and dilatation. Oil allays irritation, lessens 
spasm, and keeps the bowels open : it is also a valuable food. He gave a wine- 
glassful an hour before tlie three chief meals. In 1902 Walko advised oil alone 
in ulcer of the stomach in doses of 1^ oz. to 2 oz. three times a day for three 
to six days, or until the severest symptoms have yielded. In a more recent 
paper Walko recommends a mixture of oz. of olive oil, IJ drachms of a 
bismuth salt, and f drachm of calcined magnesia. An emulsion of oil, the 
yolk of raw eggs, and sugar is ordered as well, to be taken every three 
hours. On the third day cold milk is begun, followed by the diet advised by 
V. Leube. A fortnight’s strict rest in bed is enjoined. Bone marrow is also 
recommended. He reports that he has treated over 100 patients in this way. 
If strong repugnance is shown some other diet is substituted, but this does not 
happen in more than one-fifth of the patients. In cases of haemoirhage an ounce 
of olive oil with 15 to 30 grains of bismuth is given four times in the day, iced 
jelly being taken between. 

In this country olive oil has been chiefly used in the treatment of duodenal 
ulcer. A. F- Hertz has advocated it. Since recording my own impression of its 
value in duodenal ulcer (56) I have used it for man}'- gastric ulcers which 
present evidence of being situated near the pylorus, ordering half an ounce 
every three hours with or without other food. About the second or third day of 
the administration of oil thirst may become intense, and should be relieved by 
repeated small doses of water. The use of olive oil may be combined with the 
beaten-up egg and milk of Lenhartz with advantage. Patients take it very much 
better than might be expected, and not a few, having once learnt its value, are 
loath to leave it off, even long after all symptoms have ceased. In otiiers it may 
cause nausea and diarrhoea, and must be discontinued. For such Cohnhein 
recommended almond milk: this is the Mistura amygdalae of the Briti.sh 
Pharmacopoeia, without the gum acacia and the sugar. It may be made at 



416 


QUARTEKLY JOURNAL OF MEDICINE 


home bj’ extracting a tablespoonful of powdered sweet almonds with half a pint 
of boiling water and squeezing through muslin. A wineglassful is ordered luke- 
warm an hour before the chief meals, the patient lying on the right side for 
a while after taking it. The beneficial influence of fat is recognized in most of 
the diets mentioned above, in which butter and cream are prescribed freely, and 
especiallj' in those recommended by Senator and Ewald. 

In a comparison of the various dietetic methods v. Leube’s latest series 
appears to stand first of the large groups statistically. The proportion of 
bleeding cases was, however, small, giving rise to the suspicion that many of 
the cases were mild ones, especially as the figures include private patients. The 
results in practice among the well-to-do are far better than in hospital patients, 
as is to be expected. The St. Thomas’s Hospital series, compiled by Hawkins 
and Nitch, showed excellent results in cases of simple ulcer. The figures include 
the mortality from all causes in both medical and surreal cases and are an 
example of what such statistics should be. 

It is clear that simple ulcer may be successfully treated by’^ very difierent 
methods. The physician will be wise not to confine himself too closely to one 
or the other. An advance is marked by^ the demonstration in recent yeai-s of 
the value of immediate feeding with protein and fat, and of fat alone. 

Good after-results cannot be expected unless the patient is kept under 
treatment until there is no anaemia. 

The fact that an ulcer may be covered completely with a single layer of 
epithelium in eight days or so, provided that necrotic tissue does not cover its 
base, suggests that whatever plan be adopted to prevent the action of gastric 
juice upon an ulcer should be persisted in for that time at least. For instance, 
foods stimulating secretion, such as soups or mincemeat, should on this ground 
be withheld longer than is advised by v. Leube and Lenhartz respectively. 


Medicines. 

Bismuth holds the first place in the treatment of ulcer, the tendency 
being to give it in larger doses than formerly — for instance, not less than 
half a drachm, and often a drachm at a dose. It is better not to suspend it 
with mucilage, because if it is suspended in the bottle it will be suspended in 
the stomach, whereas it is intended to form a coating of powder over the mucous 
membrane and especially over the ulcer. The subnitrate has occasionally been 
known to cause symptoms of gastric irritation, attributed to the fonnation of 
nitric acid and nitrites. It is better to use, therefore, the carbonate or the 
oxychloride. The carbonate will be more efficient in neutralizing acid gastric 
juice, but on the other hand some carbon dioxide gas will be evolved, so that the 
oxychloride is probably the best preparation. The liquor bismuthi contains too 
little bismuth to be of great value. 

Aluminium preparations have been introduced to combine the effect of an 
insoluble powder, like a bismuth salt, with astringency. Escalin, recommended 
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by Klemperer, is an aluminium glycerin paste, of which 3 drachms are given 
in watery suspension immediately after bleeding, and repeated. It does not, 
however, appear desirable to put a hygroscopic irritating material like glycerin 
in contact with inflamed mucous membrane. A. substance sold by Kahlbaum 
under the name of Neutralon is silicate of aluminium ; this combines slowly 
with hydrochloric acid, forming inactive silicic acid and aluminium chloride. 
Neutralon is stated to cover the surface of the mucous membrane as an insoluble 
powder ; when it is decomposed by hydrochloric acid the chloride of aluminium 
formed is astringent and disinfectant. The dose i-ecommended, one teaspoonful 
suspended in 3 ounces of water, will gradually neutralize 400 c.c. (14 ounces) of 
0-2 per cent, hydrochloric acid at the temperature of the body. The dose is 
given a quarter to half an hour before meals, and is reduced to half a tea- 
spoonful after some days. Alexander has obtained good results by combining it 
with belladonna. In eighteen cases of ulcer he reports that the best effects 
were obtained when haemorrhage had occurred. This, however, appears to be 
reported whatever treatment is being applied. In the conditions of hyper- 
chloi’hydria and hypersecretion, which are believed often to be the precursors 
of gastric ulcer, Neutralon is said to be very effectual. It is claimed that it 
is much less constipating than bismuth or silver salts. Rosenheim and Ehrmann 
report that in two and a half years’ use of Neutralon they have observed no 
unfavourable effects; but whilst agreeing as to its efiicacy in hypersecretion, 
they do not think it is so good in ulcer as large doses of bismuth. 

Sodium bicarbonate is a valued remedy for the relief of pain due to the 
irritation of an inflamed mucous membrane or of an actual ulcer by the acid 
juice. It is added to milk in the proportion of two grains to the ounce with 
advantage. It may, however, be doubted whether repeated dosage with alkali 
in such strength as is recommended by Eisner, namely, a teaspoonful three or 
four times a day, is beneficial to the mucous membrane or to the ulcer, especially 
as much carbon dioxide gas is formed. It is probable that large doses of alkali 
are only advisable when given at a definite time after an ordinary meal to 
neutralize an accumulation of gastric juice, as in cases of pyloric or duodenal 
ulcer. 

Magnesia may be used for the same purpose, and has the advantages that it 
does not give off carbon dioxide, and that when it has left the stomach it acts as 
a pui’gative. My own experience is that it is more irritating to the stomach 
than bicarbonate of soda. 

Silver nitrate has been used for its astringent effect, a quarter of a grain 
being given in solution. Dreschfeld advised it for patients who cannot rest 
in bed. 

Atropine is recommended to lessen both the movements and the secretion 
of the stomach. Drop doses of the Liquor atropinae sulphatis are ordered in 
a mixture, or xosij grain may be given hypodermically three times a day. 

Iron is almost always prescribed at some period : Lcnhartz orders a soft 
Eland’s pill thj'oughout, but most phj’sicians prescribe it after the ulcer appears. 
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home by extracting a tablespoonful of powdered sweet almonds with half a pint 
of boiling water and squeezing through muslin. A wineglassful is ordered luke- 
warm an. hour before the chief meals, the patient lying on the right side for 
a while after taking it. The beneficial influence of fat ds recognized in most of 
the diets mentioned above, in which butter and cream are prescribed freely, and 
especially in those recommended by Senator and Ewald. 

In a comparison of the various dietetic methods v. Leube’s latest series 
appears to stand first of the large groups statistically. The proportion of 
bleeding cases was, however, small, giving idse to the suspicion that many of 
the cases were mild ones, especially as the figures include private patients. The 
results in practice among the weU-to-do are far better than in hospital patients, 
as is to be expected. The St. Thomas’s Hospital series, compiled by Hawkins 
and Nitch, showed excellent results in cases of simple ulcer. The figures include 
the mortality from aU causes in both medical and surgical cases and are an 
example of what such statistics should be. 

It is clear that simple ulcer may be successfully treated by very different 
methods. The physician will be wise not to confine himself too closely to one 
or the other. An advance is marked by the demonstration in recent years of 
the value of immediate feeding with protein and fat, and of fat alone. 

Good after-results cannot be expected unless the patient is kept under 
treatment until there is no anaemia. 

The fact that an ulcer may be covered completely with a single layer of 
epithelium in eight days or so, provided that necrotic tissue does not cover its 
base, suggests that whatever plan be adopted to prevent the action of gastric 
juice upon an ulcer should be persisted in for that time at least. For instance, 
foods stimulating secretion, such as soups or mincemeat, should on this ground 
be withheld longer than is advised by v. Leube and Lenhartz respectively. 


Medicines, 

Bismuth holds the first place in the treatment of ulcer, the tendency 
being to give it in larger doses than formerly — for instance, not less than 
half a drachm, and often a drachm at a dose. It is better not to suspend it 
with mucilage, because if it is suspended in the bottle it will be suspended in 
the stomach, whereas it is intended to form a coating of powder over the mucous 
membrane and especially over the ulcer. The subnitrate has occasionally been 
known to cause symptoms of gastric initation, attributed to the formation of 
nitric acid and nitrites. It is better to use, therefore, the carbonate or the 
oxychloride. The carbonate will be more efficient in neutralizing acid gastric 
juice, but on the other hand some carbon dioxide gas will be evolved, so that the 
oxychloride is probably the best preparation. The liquor bismuthr contains too 
little bismuth to be of great value. 

Alumiirium preparations have been introduced to combine the effect of an 
insoluble powder, like a bismuth salt, with astrrngency. Escalin. recommended 
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Operative Treatment. 

Perforation and such mechanical conditions as pyloric stenosis, hour-glass 
stomach, perigastric abscesses, and adhesions should be treated surgically. In 
severe haemorrhage the indications are less clear, for, as has just been mentioned, 
the mortality in any large series of cases operated on for haemorrhage is greater 
than in cases not operated upon. The physician must, nevertheless, consider the 
inatter from the standpoint of the individual case. The choice of an operation, if 
any be done, also presents some difficulty. Mayo Robson recommended gastro- 
enterostomy, but many recurrences of bleeding after that operation have been 
observed ; indeed, for the time, it is difficult to see what gastro-enterostomy does 
that is not accomplished by lavage. If the bleeding area can be found it is 
probably better to excise the ulcer or to tuck it in and occlude the vessels in 
that way. 

There is. another class of case in which operation is of great benefit, namely, 
in chronic ulcei’s which have resisted thorough medical treatment. Gastro- 
jejunostomy is the operation of choice, with' excision of the ulcer, if possible, if 
it is indurated. It is not within the scope of this review to detail . the 
statistics of operative procedures, hut it may be said that Paterson, Mayo 
Robson, Moynihan, Rutherford Morison, Busch, Clairmont, and other surgeons 
have published series of cases showing that the mortality is low and that a large 
proportion of the patients remain free from symptoms. The result appears to 
vary with the situation of the ulcer, as we should expect: if it is situated 
near the pylorus gastro-enterostomy is more favourable than it is for ulcers in 
the cardiac half of the stomach (14). Thus Clairmont reports that in 
V. Eiselberg’s clinic 73 per cent, of duodenal ulcers healed after operation, 62 per 
cent, of those near the pylorus, and 47 per cent, in the body of the stomach. 

If a tumour can be felt an operation should be done and a piece excised to 
ascertain whether it is inflammatory or not (56) ; a gastro-jej unostomy can be 
performed at the same time. 


After-remits. 

Ulcer of the stomach is a disease that recurs, especially in 3 'oung adult 
women. Presumably the patient is prone to ulceration so long as the pre- 
disposing causes, namely, dyspepsia, with active proliferation of Ij^mphoid tissue, 
and anaemia, are in operation. The liability to recurrence becomes smaller 
when middle life is reached. 'W^e ought in considering after-results to dis- 
tinguish between repeated attacks of an acute ulcer and the recurrence of 
symptoms in the subject of a chronic ulcer which was probably imperfectly' 
healed. Unfortunately this has not generally been done. Further, owing to the 
disease being most prevalent among the poorer classes it is difficult to trace the 
patients who have been under treatment, so that the statistics of the late effects 
of treatment are scanty', and do not usually cover a much longer period than 
a y'ear or two after the patients have left the hospital. By taking the average 
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of 431 cases followed up by several authors Wolff found that about 50 per cent, 
of the cases were permanently healed ; these patients were treated either with 
V. Leube’s or a similar diet. It is interesting to note that in Wolff’s series a quarter 
of those who left the hospital ‘ unhealed’ got quite well. Westphalen inquired 
into the state of 150 patients, each of whom had left the hospital two years 
or more. Of these ST per cent, were definitely cured after one course of medical 
treatment, and another 16 per cent, after more than one course, 53 per cent, in all. 
A further 13 per cent, were healed by operation, making 66 per cent, free from 
all symptoms. Of 36 cases operated upon 53 per cent, were fully healed after 
two years, the less favourable being those cases which had resisted repeated 
medical treatment, and the most favourable those with some mechanical deformity, 
such as stenosis. The number of cases treated by immediate feeding which have 
been traced is too small to furnish any valuable conclusion, but the results 
appear to be not inferior. 

Few large series of cases have yet been traced to show the after-results of 
gastro-enterostomy when performed for the relief of gastric ulcer. Mayo Robson 
states that he has obtained 101 cures out of ilO cases ; but these were all in 
private practice and were presumably not poor people. The results are not, 
therefore, comparable with statistics drawn from hospital patients, who too often 
return to the conditions in which the disease arose. We know that ulceration 
may recur after gastro-enterostomy, but from Paterson’s analysis of 143 cases it 
is probable that between 80 and 90 per cent, remain well if the patients are 
properly selected. 

The mortality in the medical treatment of uncomplicated gastric ulcer is so 
low that any surgical interference cannot fail to increase it. It is in the chronic 
cases and those recurring frequently that wo may look to gastro-enterostomy to 
give relief and to prevent the later complications of chronic ulcers. 
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SOME POINTS IN EELATION TO THE AETIOLOGY OP 
AUEIGULAE PIBEILLATION 

By C. E. lea 

With Plate 39 

I. The Recognition of AuHcular Fibrillation as a Siicoific Clinical Entity, 

When the auricle is contracting in response to sinus stimulation, the wave 
of auricular contraction thereby produced passes over the auricle from the 
neighbourhood of its junction with the superior vena cava, towards the auriculo- 
ventricular junction. Such a wave constitutes the auricular systole. The 
auriculo-ventricular bundle conducts this impulse to the ventricle and the latter 
contracts in response, normally at an interval of 0-12 to O-IG second after the 
auricular- systole. 

It has been shown that there is a definite condition of the auricle, namely, 
fibrillation of its musculature, in which this normal sequence of events is con- 
siderably modified. In this condition the regular wave of auricular contraction 
is absent, being replaced by irregular wavelets of contraction, said to be produced 
simultaneously by irregularly disti'ibuted foci of varying excitability throughout 
its musculature. Seen naked eye, in experimental conditions upon the dog, 
the auricular chamber is ‘ ballooned ’ and over the walls fine tremors are 
observed. In electro-cardiographic tracings such tremors are recorded as 
small waves, of varying size and frequency, occurring at the rate of 200 to 300 
oscillations per minute. 

The effect of this fibrillation upon the ventricle is dependent upon the 
conducting power of the auriculo-ventricular bundle. Clinicallj'-, when such 
a condition is recognized, ventricular systoles become markedlj’- irregular, both as 
regards the force and frequency of their contractions, and it is assumed that 
such arrhythmia is due to the irregular impulses received b}- it fi-om the 
disturbed auricle. 

The character of the polygraphic tracing taken in such cases shows two 
distinctive features : first, continuous irregularity both in size and frequenc}" 
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of the ventricular systoles, -Nvith absence of relationship between heiglit of 
ventricular wave and the length of preceding diastolic interval, a feature which 
distinguishes it from extra-systoles, when such a relationship is present ; and, 
secondlj', absence of the auricular Avave a, and the presence of tlie ventricular 
form of venous pulse. 

These distinctive characters, easily recognizable by graphic methods, enable 
one thus to establish auricular fibrillation as a definite clinical condition. 
Even for practical purposes, in the absence of complete electro-cardiogi-aphic 
tracings, in which the actual Avaves due to fibrillation can be readilj^ demonstrated 
in a few favourable cases, such fibrillation Avaves can be seen in polygraphic 
tracings. 


II. The Aetiology of Auricular Fibrillation. 

It Avas recognized that this form of arrhythmia was identical Anth that 
frequently present in mitral A'alvular disease, and it was in mitral stenosis, more 
especially, that this ari-hythmia was chiefly studied. But the subjectiAm and 
objective symptoms Avith which it Avas associated in this pathological condition 
Avere very variable. There may or maj- not be dyspnoea, and in many cases there 
seemed little relationship between the severity of the symptoms and the 
presence or absence of auricular fibrillation. Further, mitral stenosis is, in 
many instances, unaccompanied by fibrillation. Thus Dr. T. Lewis, in 72 
unselected cases of mitral stenosis, found auricular fibrillation present in 
20-8 per cent. (3), and in a series of 13 unselected cases of the present Avriter 
auricular fibrillation Avas present in 37-6 per cent. (2). Finally, there remains 
a considerable number of cases in Avhich auricular fibrillation occurs in the 
absence of mitral valv’ular disease, or in cases presenting objectively no other 
signs of cardiac lesion, but associated AA'ith symptoms suggestive of limitation of 
the field of cardiac response. It becomes necessary, therefore, to consider auri- 
cular fibrillation as a definite condition, and to record with as much accuracy as 
possible the A’arious conditions under AA'hich it occurs, with a vicAA' to ascer- 
taining the probable etiological factors concerned in its production. 


ni. Method of Investigation. 

The scope of the present inquiry is limited to 69 cases of auricular 
fibrillation. Such cases were for the most part e.xamined in the AA'ards of the 
Union Infirmaries in and around London, and in some of the general hospitals, 
and I am much indebted to the medical superintendents and the honorary stall’ 
of these hospiUrls for the kindness with Avhich they allowed me to make use 
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of the clinical material under their care. The examination of each case was 
made as complete as possible, and. in nearly every case (91-5 per cent.) poly- 
graphic recoi-ds were obtained. In thirteen of the cases such r-eeords were 
supplemented by electro-cardiographic records; for the publication of some 
of these, and for other valuable assistance, I am indebted to Dr. Thomas Lewis, 
University College, London. 


Table I. 

1 . Number of cases examined 69 

2. „ „ ■ „ with polygraphic record 63 

(a) Jugular and i-adial 35 

(b) Radial only 17 

(c) Jugular, radial and electro-cardiogram . . . . 9 1 . o 

(d) Radial and electro-cardiogram 4) 

3. „ „ „ in which clinical examination and history alone obtained . 6 

Though auricular fibrillation may be recognized as a definite clinical con- 
dition its exact pathology is as yet not so definitely understood. Snfiicient 
' evidence has not been accumulated to substantiate the view that it is due to 
fibrosis of the auricular musculature, and until such evidence, either in support 
of or against this view, is forthcoming, it is impossible to differentiate clearly 
between direct and indirect causes, between the cause of, and pathological 
conditions concomitant with, auricular fibrillation. 

But a study of the lesions in which it is found renders it possible to see 
some association between auricular fibrillation and rheumatic fever or chorea, 
mitral stenosis, and probably arterio- or cardio-sclerosis, and in view of the 
prominence with which these pathological conditions are associated wdth it, the 
following subdivision of the facts here collected has been made (it is assumed 
that auricular fibrillation is due to some pre-existing pathological condition of 
some portion or portions of the body) : — 

(1) Cases of auricular fibrillation in which rheumatism or chorea has been 
pi’esent, with or without valvular disease. 

^ * (2) Cases of auricular fibrillation in which both are absent, udth or without 

valvular disease. 


F f 2 
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Auricular Fihnllation vAth preceding Bheumatic Fever or Chorea, or loth. ■ 

Table II. 

- Rheumatic ferev 

Ko attacks. Chorea. Caniiac lesion. Other diseases. 

JSo. Age. 


1 

F. 

26 

1 

20 

— 

2 

M. 

41 

2 

20, 35 

— 

3 

P. 

34 

2 

12, 30 

— 

4 

F. 

34 

1 

18 

— 

5 

F. 

35 

1 

29 

— 

8 

F. 

42 

3 

20, .38, .39 

— 

9 

F. 

50 

1 

10 

14 

12 

M. 

28 

3 

15? 27 

— 

13 

:m. 

35 

1 

16 

— 

15 

IL 

55 

1 

41 

— 

16 

F. 

35 

2 

7, 33 

— 

18 

M. 

69 

O 

•J 

12,-33,35 

— 

19 

M. 

42 

4 

14,28,33,37 


20 

F. 

33 

3 

13, 16,20 

— 

23 

F. 

60 

2 

14, 35 

— 

25 

F. 

45 

2 

33,35 

— 

28 

M. 

44 

2 

14,28 

— 

29 

F. 

73 

2 

35, 38 

— 

31 

F. 

48 

4 

lo, 2o, 2 /, 31 

— 

32 

F. 

37 

— 

— 

16 

34 

M. 

43 

1 

14 

— 

35 

M. 

18 

2 

11,16 

— 

37 

M. 

35 

1 

25 

— 

38 

F. 

49 

2 

8, 39 

— 

39 

F. 

49 

2 

10,20 

— 

41 

.AI. 

41 

1 

17 

— 

43 

AI. 

19 



— 

0 

44 

F. 

33 

O 

10,13,14 

— 

40 

AI. 

36 

1 

10 

— 

48 

F. 

17 

1 

16 

10 

53 

F. 

50 

1 

15 

— 


55 

F. 

22 

1 

13 

11 

57 

F. 

40 

1 

0 

— 

01 

AI. 

45 

2 

27*45 

— 

64 

F. 

52 

3 

22, 29, 38 

— 

05 

F. 

26 

1 

14 

— 


07 

AI. 

41 

1? 

37? 

— 

09 

.M. 

54 

1 

24 

— 

71 

F. 

40 

1 

IS 

8 


Mitral stenosis Scarlet fever’ 

Mitral and aortic Pneumonia, septic 
incomp. . infection 

Mitral stenosis and — 

incomij. 

Mitral stenosis — 

Mitral stenosis — 

Cardiac dilatation — 

Mitral stenosis — 

Mitral stenosis — 

Arterio-sclerosis Gonorrhoea, alcohol 

Cardiac dilatation Scarlet fever 
Mitral and aortic — 

disease 

Arterio-sclerosis Measles, scarlet 

fever, whooping- 
cough, influenza 
ilitral stenosis — 

Aortic and mitral — 

disease 

Arterio-sclerosis Measles, whooping- 

cough 

Mitral stenosis — 

Aortic and mitral Influenza 

disease 

Mitral stenosis ‘ Stroke aged 61 

Mitral stenosis — 

Mitral stenosis Measles 

Cardiac dilatation Measles, empyema 

Mitral stenosis Measles,scarletfever 

Cardiac dilatation Measles, pneu- 

monia, influenza 

jVrterio-sclerosis Measles, whooping- 

cough 

Cardiac dilatation Occ. bronchitis 

Cardiac dilatation Haemoptysis, hard 

work 

Mitral stenosis Influenza frequently 

Mitral stenosis Diphtheria, pneu- 

monia, pericarditis 
Mitral stenosis — 

Mitral and aortic Measles, pneumonia, 

disease phthisis (?) 

Arterio-sclerosis Measles, pertussis, 

scarletfever,munips, 
chicken-pox, in- 
fluenza 3 times 
Cardiac dilatation Occ. bronchitis 
Cardiac dilatation Smallpox 

Endocarditis ileasles, typhoid 

fever 

Mitral stenosis Measles, scarlet 

fever, shingles, 
bronchitis, influenza 
Tach^'cardia, Graves’ Scarlet fever, 

disease chicken-pox, always 

delicate {and exoph- 
thalmos for 7 3 'ears) 
Cardiac dilatation Measles, pertussis, 

scarlet fever, gonor- 
rhoea and sj'philis 
Arterio-sclerosis Gout, alcohol, cir- 

rhosis of liver 

Jlitral stenosis — 
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Auricular Fibrillation without preceding Rheumatic Fever or Chorea. 

Table III. 


Case No. 

Sex. 

Age. 

6 

M. 

49 

7 

M. 

35 

10 

F. 

77 

11 

M. 

44 

14 

M. 

58 

17 

M. 

76 

21 

P. 

54 

22 

F. 

64 

24 

M. 

64 

. 26 

M. 

45 

27 

M. 

55 

30 

F. 

70 

33 

M. 

51 

36 

M. 

29 

, 40 

P. 

74 

42 

M. 

61 

45 

M. 

67 

47 

P. 

35 

, 49 

M, 

35 

52 

M. 

70 

54 

M. 

70 

56 

P. 

53 

58 

F. 

■ 58 

59 

M. 

51 

60 

M. 

55 

62 

P. 

59 

63 

M. 

46 

66 

F. 

46 

' 68 

M. 

38 

70 

F. 

35 


Cardiac lesion. 

Tachycardia 
Arterio-sclerosis 
Aortic stenosis and incomp. 
Aortic stenosis and incomp. 
Arterio-sclerosis 
Arterio-sclerosis 
Cardiac dilatation 
Arterio-sclerosis 
Arterio-sclerosis 
Cardiac dilatation 


Arterio-sclerosis 
Cardiac dilatation 

Mitral stenosis 

Mitral stenosis 
Arterio-sclerosis 

Arterio-sclerosis 


Arterio-sclerosis 

Cardiac dilatation 
Arterio-sclerosis 
Cai diac dilatation 
Cardio-sclerosis 
Cardiac dilatation 
Arterio-sclerosis 

Arterio-sclerosis 
Arterio-sclerosis 
Arterio-sclerosis 
Arterio-sclerosis 
Cardiac dilatation 

Slitral stenosis 
Mitral stenosis 


Preceding diseases. 

Grraves’ disease 
Alcohol, hard work 
None 

Alcohol 

Occasional bronchitis ' 
Measles, scarletfever, pneumonia 
Measles, diphtheria, bronchitis 
Scarlet fever, influenza 
Measles, pertussis, mumps, 
shingles, influenza, rheumatoid 
arthi-itis 

Bronchitis, starvation and 
neglect 

Measles, smallpox, influenza, 
alcohol 

Influenza, pneumonia, aged 28 
Measles, pertussis, mumps, ‘ fits,’ 
aged 17 and 67 

Measles, scarlet fevei-, malaria, 
rheumatoid arthritis, hemiplegia, 
a^ed 55, influenza aged 55 
Scarlet fever, smallpox, gout, in- 
fluenza 

Scarlet fever, pertussis, measles 
Heavy tobacco-smoker, hard work 
Bronchitis 

Syphilis, gonorrhoea, influenza 
Typhoid, pneumonia 
Measles, chronic bronchitis, 
influenza 

Gonorrhoea, bronchitis. 
Renal calculus 

Measles, occasional bronchitis 
Influenza, aged 45 
Measles, scarlet fever, pertussis, 
mumps, influenza, aged 30 
No illnesses 

Anaemia as a girl, bronchitis, 
chicken-pox, influenza twice 


lY. The Relation of Aurictdar Fibrillation to Rheumatic and 

Choreic Conditions. 


An examination of the above tables, which include all the cases examined, 
records, briefl}', the following facts : — (1) a rheumatic or choreic history precedes 
auricular fibrillation in 39 cases, i. e. 56-6 per cent. The family history of 
rheumatism was not sufficiently inquired into, in the series of cases, but 
according to some authorities such inquiiy would have elicited an additional 

10 per cent, of cases in which such history could be obtainable. The frequency 
of rheumatic fever in these cases: 4 attacks, 3 cases; 3 attacks, 6 cases; 2 attacks, 

11 cases ; single attack, 20 cases. (2) The absence of such history occurs in 43-4 
per cent. (3) The average age incidence of auricular fibrillation cases in the two 
classes shows an earlier age incidence in the rheumatic cases, 40-3 yeax'S as 
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compai-ed -with 53-1 years in the non-rheumatic. (4) The rheumatic cases -vvere 
more frequent in females than males, in the proportion of 23 to 16 respectively ; 
in non-rheumatic cases males were more frequently the subject of auricular 
fibrillation, being 18 as compared to 11 females. 

In the tables above it -will be seen that every case is associated -with 
a diagno.sis of the supposed cardiac condition. In a few cases such diagnosis 
has been confirmed on subsequent pathological examination, hut in the large 
majority such a consummation was not forthcoming. Before considering, there- 
fore, the relationship of auricular fibrillation to the condition of the cardio- 
valvular system in these cases, it is essential that there should he a definite 
apprehension of the main points upon which such diagnoses have been made. 
A full and detailed inquiry into the clinical signs in each case cannot, for 
obvious reasons, he entered into here, hut the main lines upon which the 
diagnosis is tentativelj* offered here may he stated briefly. 

No case has been diagnosed as mitral stenosis in the absence of a diastolic 
muimur, heard with greatest distinctness in the region of the apex. Such 
mui-mur may he of variable duration, intensity, or time relationship to the 
diastoRc interval, and may or may not be associated with an altered first sound or 
systolic murmur. In most of the cases noted there was, on percussion, a vaiiable 
increase of extension of the cardiac dullness to the right of the sternum. 

The diagnosis of cardiac dilatation embraces not only cases of myocardial 
degeneration, but probabh* includes, more especiall}' in those cases with pre- 
ceding rheumatic history, varying degrees of mitral incompetencj’’, associated 
with stenosed or altered character of the mitral valve area. The clinical signs 
upon which most stress has been laid in these cases have been the presence 
of a well-defined systohc murmur of maximum intensity in the apical region, 
and increased cardiac dullness, both to tlie left and to the right. The history of 
the cases suggests also, in many instances, the possible cause of the dilatation. 

The diagnosis of arterio-sclerosis embraces a considerable number of cases. 
The condition of the arteries has in man}' cases suggested, more than have the 
physical signs to be made out in the heart, the nature of the lesion. In all such 
cases, however, there have been symptoms of limitation of the field of cardiac 
response. The patients included under this diagnosis have been of a greater 
average age than those in the valvular cases. 

It is suggested that for a broad basis upon which to consider the heait 
condition with which auricular fibrillation is associated, the above details, 
associated with a full consideration of the varying factors present in each indi- 
vidual case, ma}’ be taken as sufficiently' accurate. 

Recognizing the predominant influence of rheumatic and choreic infections 
in relation to subsequent valvular and myocardial lesions, the cases in which 
such diseases have been present have been separated from those in which they 
have been absent. In the latter class, however, inquh-y' into preceding and 
possible etiological factors in the form of illness or mode of life has been 
instituted, and a classification of them has been made, with a view to noting any 
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possible etiological relationship. The result of such inquiry, together with the 
character of the cardiac lesions in the two classes of cases, is tabulated in the 
following table. 

Table IV. 


FrececUng rheumatic 
or other disease. 


A. Eheumatic fever 

Rheumatic fever and 
chorea 
Chorea 


B. 

Non-rheumatic 

4 

— 

7 

16 

Graves’ disease 1 

Preceding Illnesses in 







Class 






1. 

Measles 

1 



4 

5 


2. 

Scarlet fever 





3 

3 


3. 

Pertussis 

— 



3 

1 


4. 

Diphtheria, mumps, 







eincken-pox, ty- 







phoid 

1 

— 

4 

2 


5. 

Gout, shingles. 







malaria, cirrhosis 

— 



1 

1 


6. 

Smallpox 

1 

— 

— 

1 


7. 

Pneumonia 

1 


2 

— 


8. 

Bronchitis 

1 


2 

4 


9. 

Influenza 

3 



2 

6 


10. 

Gonorrhoea, 







syphilis 

— 

— 

— 

2 


11. 

Alcohol or hard 







work 

— 

— 

— 

2 



^ In these cases there is ‘ overlapping since single cases may have had one or more of (he 
above diseases. 

V. The Relation of Auricular Fibrillation to the associated Cardiac Lesion. 

The following is the order of relative frequency of incidence of fibrillation in 
cardiac conditions, the percentages referring to the percentage of total number 
of cases of auricular fibrillation observed : Arterio- or cardio-sclerosis, 32-8 per 
cent. ; mitral stenosis, 31'3 per cent. ; cardiac dilatation, 23-8 per cent. ; mitral 
and aortic incompetence, 7-1 per cent.; other conditions, rheumatic endocarditis 
(1 case), Graves’ disease (2 cases), 4-4 per cent. 

Two points must be referred to in consideration of these figures : first, the 
cases of cardiac dilatation are likely to include in their number a few in which 
mitral stenosis was also present, or at any rate primary mitral valvular disease. 
Therefore the percentage 31-3 per cent, given for mitral stenosis must be accepted 
as the lowest estimate, and it is probably a higher figure. And, secondly, the 
almost equal incidence of mitral disease and arteiio- or cardio-sclerosis. The 
remarks applied to cardiac dilatation and its association with primary mitral 
valvular disease may in some degree, but to a less extent, apply also to cardio- 
sclerosis. 


Mitral 

stenosis. 


Aortic and 
mitral 
regurgi- 
tation. 


Cardiac 

dilata- 

tion. 


Arterio- 

or 

cardio- 

sclerosis. 


Other 

conditions. 


7 Rheumatic 

endocarditis 1 


— Graves’ disease 1 
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arterio-sclerotic cases. Care was taken in inquiring into this illness, and 
no case accepted wliicli did not show dednite history of feverishness and pains 
in limbs, compelling the patient to be in bed for variable periods. 

Electro-cardiographic evidence. Electro-cardiographic tracings were taken 
of 13 unselected cases in the series by Dr. T. Lewis, University College, 
London, using the string galvanometer of Einthoven (Edelmann’s modification). 
There were 4 female and 9 male cases. In all cases the curves characteristic 


of auricular fibrillation were obtained. For a detailed description of such 
curves and their interpretation, the reader is referred to Dr. Thomas Lewis’s (3) 
paper in Heart, Vol. i. A typical tracing is put on record here (Case 36), 
together with a polygraphic record obtained by Mackenzie’s ink polygraph at 
the same time (Plate 39), In the subjoined table are recorded briefly the 
Wain clinical and graphic features in the cases which were examined electro- 
m-diographically. 


Table V. 


Case 


Sex\ Age. Diagnosis. 


21 F. 


Cardiac 

dilatation 


Physical signs. 


OrtV.opnoea, venous 
pulsation in nect. 
3rd rib 


Ht..- 


2" 1 1" left of NL. _ 
Systolic murmur tricuspid 
area, 1st and 2nd sound, 
sharp and clear elsewhere 


Ventricular 
type, renous 
pulse. 

Present 


Electro- 

cardiogram. 

Prominent oscil- 
lations, T. varia- 
tion inverted 


33 M. 


hi 


Mitral 

stenosis 


Ht. dullness 


3rd rib 


' 2" I NL. 
Sounds dull, fairly loud 1st 
sound, double 2nd all areas. 
At apex and tricuspid areas 
succeeded by diminuendo 
diastolic, not sustained 
throughout diastolic pause 


Present Prominent oscil- 
lations, maximal 
over auricle. No 
intrinsic ventri- 
cular beats 


36 M. 29 Mitral Dyspnoeic on exertion. 

stenosis Apex local forcible under 
Sthribl'B.NL. Ht.dull- 

ness Soft systolic 

replaces 1st sound at apex, 
followed by long diastolic 
occluding 2nd sound. Sys- 
tolic, harsh in character at 
aortic, not conducted down 
sternum 


Present Very prominent 
oscillations, 
maximal over 
auricle (sec Figs. 
1-4) 


44 


33 Mitral Very dyspnoeic. _ Ht. 

stenosis , „ 3rd rib 

dullness 

“ I "i 


Present Oscillation poor 
with right arm 
and left leg ; 
oscillations ob- 
tainable by 
special leads over 
chest wall, maxi- 
mal near auricle 
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48 F. 


Table V (continued). 

Diagnosis. Physical signs. 


Mitral Dyspnoea. Apex beat 
stenosis 6th space. Ht. dullness 

3rd rib q <. i- 

• bystolic murmur 

at apex. Diastolic murmur 
aortic area 


Ventricular 
type, venous 
pulse. 

Present 


Electro- 

cardiogram. 

Poor oscillations 
(just present); in- 
trinsic ventri- 
cular beats 
(bigeminal) 


34 M. 


43 Cardiac 
dilatation 


Marked venous pulsation 
in neck. Some thickening 
of arteries. Ht. dullness 

2}.' I ' iU j * 

at apex. Elsewhere normal 


Present Prominent oscil- 
lations; no intrin- 
sic ventricular 
beats 


51 M. 


GO Cardio- 
sclerosis 


Looks well. Ht. dullness 

3rd rib ... , 

I . , ; • Arterio-sclerosis. 
2 1 4 * 

Ht. sounds normal 


Present Oscillations pre- 
sent ; occasional 
intrinsic ventri- 
cular beat 


57 F. 


40 Cai'diac 
dilatation 


Much dyspnoea on exer- 
tion. Some venous pulsa- 
tion in neck. Pulse rapid, 
irregular. Ht. dullness 
3rd rib ^ 

2V\fY ' 

mur with 1st sound at 
apex. 2nd sound normal, 
systolic heard at tricusj)id 
but less loud 


Radial only. 
Venous pulse 
not obtain- 
able 


Well-marked 
oscillations ; no 
intrinsic ventri- 
cular beats 


58 F. 58 Arterio- Looks well, arteries slightly Radial only. 

sclerosis thickened. Ht. dullness Venous pulse 
3rd rib ■. , not obtain- 

' Ht. sound normal ^ble 


Oscillationsmaxi- 
mal over auricle ; 
numerous intrin- 
sic ventricular 
beats 


60 M. 55 Cardio- 
sclerosis 


Dyspnoea on exertion. Ht. 

dullness Sounds 

14 j44 

very feeble and distant; 
impure 1st sound at apex 


Present Oscillations well 
marked from time 
to time ; maxi- 
mal over right 
auricle; type of 
curve given by 
lesion of right 
bi-anch of auri- 
culo-ventricular 
bundle. Cf. Fig. 6 


Present Oscillations pro- 
minent over auri- 
cle ; no intrinsic 
ventricular beats 


67 M. 41 Arterio- 
sclerosis 


Few subjective symptoms. 

Ht. dullness Soft 

sj’stolic murmur replacing 
1 st sound at all areas. 2nd 
sound variable in intensity 
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Table V {continued). 


Sex. Affe. Diagnosis. 


68 M. 


38 


Mitral 

stenosis 


Fhgsical sig/is. 


Has few subjective 
symptoms. Ht. dullness 

1 • 1st sound clear 

1 IJNL. 

and loud, associated with 
systolic murmur of even in- 
tensity, double 2nd ; faint 
diastolic, diminuendo in 
character, heard at apex 


Ventricular 
type, venous 
2}u!se. 

Present 


Electro- 

cardiogram. 

Oscillationsmaxi- 
mal over auricle : 
no intrinsic ven- 
tricular beats 


69 


M. 


54 


Cardio- 

sclerosis 


Ht. dullness Sharp, 
1 I NL. 

short. 1st sound at apex 
and systolic murmur; 
double 2nd pulnionaiyarea. 
Sounds rather feeble 


Present Oscillationsmaxi- 
raal over auricle ; 
no intrinsic ven- 
tricular beats 


Chief Conehtsions. 

1. Auricular fibrillation as a definite clinical entity can be recognized. 

3. Rheumatic or choreic disease preceded auricular fibrillation in 56-6 per 
cent., the most frequent lesion to -which it gave rise being mitral stenosis (43'6 
per cent, of cases -with rheumatic history). 

3. Non-rheumatic cases present auricular fibrillation in 43-4 per cent., 
the most frequent cardiac lesion being cardio- or arterio-sclerosis, ST"-! per 
cent. 

4. The age incidence of mitral valve disease, with or without preceding 
rheumatism, was 38-2 years ; the age incidence of cardio-sclerosis was 53-9 years 
in rheumatic cases, 56*9 yeai’s in non-rheumatic. 

5. Females were more frequently subject to valvular disease than male in 
the proportion of 16 to 10 ; males were more subject to arterio- or cardio-sclerosis, 
15 to 8. 

6. Of all cases of auricular fibrillation, 32*8 per cent, occun-ed in cardio- 
sclerosis, 31-3 per cent, in miti-al stenosis, and 23-8 percent, in cardiac dilatation. 

7. Influenza was noted as having occurred in 39'3 per cent, of non-rheu- 
matic cases. 

8. Electro-cardiographic records confii-m, in all cases examined, the poly- 
graphic records. 
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DESCRIPTION OF FIGURES. 

In the accompanying Plate 39 are inserted three cui-ves, 1-3, representing the features 
usually seen in auricular fibrillation. Compare •with normal curve, Pig. 4. 

Fig. 1 (Case 36). Prominent oscillations,//, due to fibrillation, replacing the normal 
auricular systolic -wave P (Fig. 4) ; ventricular beats P, S, T are irregularly placed. Electrodes 
placed over 3rd and .5th ribs, right side, at their junction -with sternum. The electrode site 
lii-st mentioned is connected to the bottom of the siring, as is the right arm and right arm- 
left leg leads. 

Fig. 2 (same case). Electrodes placed at junction of 2nd rib, right side, with sternum and 
4th 1 ‘ight rib with sternum. Same oscillations,//, absence of auricular wave P, and ventricular 
beats P, S, T, irregularly placed. 

Fig. 3 (same case), showing the absence of oscillation in leads^ from the 3rd space, left 
anterior axillary line, and apex, i. e. over site of ventricles. Ventricular beats P, S, T very 
prominent. 

Fig. 4 (same case) is a polj'graphic tracing taken by Mackenzie’s ink polygraph at same 
time ns the above tracings, showing (i) complete irregularity of ventricular beats ; (ii) absence 
of auricular wave, a ; and small in-egular wavelets between the ventricular beats, probably due 
to auricular fibrillation waves conducted to the jugular bulb. 

Fig. 5 is an electro-cardiogram taken with leads from right arm and left leg. This is 
a normal electro-cardiogram. Note the waves P due to auricular systole, P, S, T due to 
ventricular systole. 

Fig. 6 (Case 60). An electro-cardiogram taken with leads from right arm and left leg. 
There is no trace of the normal P wave ; it is replaced by oscillations//. The ventricular 
complex has the outline recognized .as the result of section of the right branch of the o-u 
bundle. 
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Fig. 3 






OBSEEVATIONS ON THE RELATIONSHIP OF THE 
HEAET-BEAT TO PULSUS ALTEEHAHS 

By J. davenport WINDLE 
VVitli Plate 40 

The name jpulms alternans is properly given only to that form of pulse 
in which a strong heat is regularly followed by a weaker one, the duration 
of the pulse periods is generally equal although at times there may be slight 
alternation in the rhythm of the beats as well as in their force ; but the difference 
in duration from one pulse to the next is always small, and invariably the 
longer period belongs to the stronger ; in other words the occurrence of the 
weaker beat is slightly dela3md. 

Pulsus alternans has thus well-defined specific characters and its recognition 
is important in clinical work, since it is the expression of an exhausted heart 
and has prognostic significance. The term is, however, often eiToneously applied 
to any kind of pulse when the beats alternate in force, ii-respective of their 
rhythm; thus when an extra-systole regularly succeeds each normal beat the 
resemblance to pulsus alternans is close, since the beats alternate in strength, 
but the weaker beat occurs prematurely and is followed by a longer pause than 
that succeeding the stronger beat, whereas in true alternation the shorter pause 
succeeds the weaker beat. 

PvZsus alternans has always been ascz'ibed to alteiuato variation in 
strength of the ventricular contractions and the stronger beat of the heart sjm- 
chronizing wuth the more forcible of the pulse, and the contraiy was unquestioned 
until Hering(l), in 1894, directed attention to the fact that the simultaneous 
cardiogram and arterial pulse wave did not alwaj^'s coincide in height. He 
observed that at times the larger curve of the heart-beat was opposed to the 
smaller pulse, and vice versa. The observations w^ere made on a clinical case, 
subsequently reported in detail by Eihl (3). Amongst the curves from cases of 
pulsus alternans published by Volhard (4) there are two which show the same 
phenomenon, but no systematic investigations on the subject appear to have 
been carried out on clinical cases, and there are but few published records 
illustrating the pulse and heart-beat in pulsus alternans. I made observations 
extending over a year on twelve patients with alterrians coming under 

mj’ care, with a view to determining the relation of the strength of the heart- 
beat to that of the radial pulse. To this end attention was paid to the character 

[Q. J.M-.July.igii.l 
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of the sounds and impulse of the heart, and simultaneous polygraphic records 
of the cardiac and radial and jugular and radial pulsations respectively were 
taken in all cases possible. A paper by Hering (2) bearing on this question 
having recently come under mj* notice prompts me to set out briefly some of the 
facts observed. 


The Relationship} of the Apex Beat of the Left Ventricle 
to Pulms Alternans. 

My tracings show that it is exceptional to find definite alternation in the 
cardiogram taken from the apex beat of the left ventricle. There was sorde 
evidence of this in the record from one case only, reproduced in Fig. 1. This 
patient sufihred from angina pectoris ; the tracing was taken during a severe 
paroxysm. The degree of alternation is slight but decided. The relationship of 
the curves shows the anomaly of the larger beat of the radial pulse coinciding 



Fig. 1. Taken during a paroxysm of angina pectoris. The cardiogram is from the apex 
of the left ventricle : the smaller beat of the radial pulse coincides with the larger of the 
cardiogram. 
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with the smaller of the heart-beat, a relation which is maintained throughout. 
No definite alternation in the heart-beat curves was present in records taken 
from the clinical apex beat in an}’ of the other cases observed ; on the contrary, 
in most patients the force of the left ventricle, as evidenced by the heart-beat 
curve, continued equal in strength while the radial pulse was markedly 
alteniating. Thus Figs. 2 and 3 were obtained from a patient with an alternating 
pulse readily perceptible to the finger. 
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At times the alternation in force was so extreme that the pulse wave failed 
to leacli the wrist ; it would he expected under these circumstances that the 
cardiogram of the left ventricle would show a similar variation in force. In the 
figures the heart-beat curve is that of the left ventricle taken from the 
clinical apex beat. The apparently constant strength of the successive heart- 



Fig. 4. Shows decided alternation' in the radial tracing ; the cardiogram is that of the left 
ventricle, taken from the apex beat. There is no disparity in force of the ventricular beats. 


r r T » rr» »»■»» » » >r> » r'p u u u v G -r-yr r » r- ir v • v-r-v 



beats is in marked contrast to the extreme variations in height of the radial 
pulse ; measurement'of the pulse periods will show that the half frequency in 
Fig. 3 is due to true alternation, and not to extra-systoles, as may at first 
sight appear. The same discrepancy is shown in Fig. 4 from another case; 
there is decided alternation throughout the radial tracing, more marked 
immediately after the extra-systole. The cardiogram is that of the left 
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ventricle taken from the apex beat; it shows no disparity in force, or in the 
character of its curve, except in the extra-systoles and post-extra-systolic beats. 
The record shown in Fig. 5 was taken from another patient with continuous 
2 nLlsi(.s alterncrns and again illustrates the absence of correlation in force of 
the apex beat and radial pulse. The ‘peaked ’ shape of the cardiogram which is 
shown bears no constant relation to the height of the radial waves ; it coincides 
indifferently with the stronger and weaker radial beats. 

It is noteworthj^ that a cardiogi'am of this shape occurs with the post- 



Fig. 6. Shows alternation and extra-systoles. The alternating radial heats at x, and 
XT, are followed by extra-systoles which fail to reach the wrist, x^ is a late extra-systole. 
There is no alteniation in the cardiogram corresponding to that in the radial. 




Fig. 7. Shows decided alteniation in the radial pulses in the first part of the tracing 
without conesponding variations in the cardiogram. The apparent alternation in the heart- 
beat curve from the middle to the end of the tracing is due to an extra-systole after each 
nonnal beat, which fails to reach the wrist. 

extra-svstolic beats and also with the higher alternating beats in some of the 
tracings shown (Figs. 6, 7 and 16), but not with extra-systoles or the weaker alter- 
nating beats. In Fig. 6 there is a mixture of extra-systoles and alternation ; the 
alternating radial beats at o:, a-} and ar are followed by extra-systoles which fail 
to reach the wrist : is a late exti'a-systole. There is clearly no alternation 

in the cardiogram corresponding to that in the radial. Fig. 7 again shows 
decided alternation in the radial pulses in the first part of the tracing without 
corre-sponding variations in the cardiogram; the half frequency of the radial 
pulse from the middle to the end of the tracing is due, as the cardiogram shows, 
to an extra-systole succeeding each nonnal beat which fails to reach the wrist, 
and not to true alternate heart action, since the longer pause belongs to the 
weaker beat. Fig. 8 was obtained from a case of continuous pufsu-s altcrnans 
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in -wliich long runs of the rhythm shown were present when this curve was 
taken ; there are three heart-beats to two of the radial pulse ; the third beat 
in the cardiogram from the beginning of the tracing is an extra-systole not shown 
in the radial ; this is followed by a large and small alternating beat, succeeded 
by an extra-sj'stole, and so on. Apparently there is coincident alternation in 
force ; but it may be questioned what features of the cardiogram are a measure 
of the strength of the ventricle. 

The reason for the discrepancies evident in many of these tracings is not 
clear. In Fig. 1, for instance, we are confronted with the paradox of the 
stronger beat of the left ventricle coinciding with the weaker of the pulse, and 
vice versa. Again, in Figs. 2 and 3 the contraction of the ventricle is apparently 
forcible, and beat by beat keeps equal in strength, while the corresponding pulse 
exhibits at times extreme disparity’’ in height. These anomalies are inexplicable 
except on the assumption that the strength of the apex beat is not a measure of 
the force exerted by the ventricle on its contents ; in other words, that the 
contraction of the musculature which drives the blood out of the left ventricle is 
not represented in the apex curves. The suggestion, thei'efore, is that records 
from different areas of the heart may show alternation in one part and not in 
another. 

Before illustrating observations on this point, the chief results of Hering’s (2) 
recent experiments are shortly summarized. He found in dogs presenting pidsx^s 
alternans induced by glyoxalates that records taken from different areas of the 
praecordium with the chest wall intact differed as regards the relationships 
in force of the simultaneous cardiogram and arterial pulse. The animals were 
curarized, the vagi cut, and the curves taken during artificial respiration. The 
cardiogi-ams were taken by air transmission : in one experiment (A) the heart- 
beat was registered from the fifth intercostal space ; the arterial pulse with 
a Hurthle manometer in the carotid. The record very clearly shows the larger 
curve of the heart-beat corresponding to the smaller of the arterial pulse, and 
vice versa. On taking the record from the third left intercostal space — otherwise 
altering nothing in the experiment — the larger wave of the cardiogram was now 
found to coincide with the larger of the pulse, and vice versa. These results were 
constant, and repeatedly confirmed. After death of the animals needles were 
inserted through the intercostal spaces, at points fi’om which the records were 
taken. On opening the thorax, the needle in the fifth space was found lodged in 
the left heart just above the apex. The needle in the third .space was found in 
the neighbourhood of the conus of the right ventricle ; from these facts the 
conclusion is reached that the cardiograms from the neighbourhood of the conus 
of the right ventricle and that from the region of the apex of the left ventricle 
are opposed. It is pointed out that these results were entirely in agreement 
with the records obtained in manj' experiments when tracings were taken 
directly from the myocardium by the suspension method. 

In another experiment (B) under similar conditions, cardiograms fj'om the 
fourth and fifth intercostal spaces were taken simultaneously with the carotid 

[Q.J.M., Jan.. 1911.] G g 
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pulse ; the height of the three curves was in agreement until after the occurrence 
of a ventricular extra-systole, when the subsequent beats of the cai’diograms were 
found to be opposed in height ; the smaller of the fourth space and carotid pulse 
coinciding with the larger beat taken from the fifth space. In this instance also 
the insertion of needles in the fourth space entered in the neighbourhood of the 
conus of the right ventricle, and in the fifth space in the neighbourhood of the 
left ventricle. 

The explanation advanced of these phenomena is in effect that alteimately 
only a ■ part of the musculature of the ventricle contracts. In proof of this 
Hering states that he observed, by direct inspection of the heart, that a partial 
contraction of the ventricle occurred with the smaller heart-beat recoi’ded by the 
suspension method. 

The view is expressed that records from similar areas of the praecordium 
taken from clinical cases wiU be found to present similar anomalies. 


The Relation of the Heart-beat Curve from Different Areas 
to the Radial Pulse. 

In the instances given there was no pulsation from which tracings were 
possible, other than at the situation of the clinical apex beat. In two of 
my patients, however, areas of pulsation were pre.sent in distinct parts of the 
praecordium from which tracings were taken. In the case from which Figs. 9 
and 10 were obtained pulsation was pi’esent in the fifth space just outside the 
nipple line, and also in the sixth space close to the sternum. In Fig. 9 the radial 
beats at x and x'- occur a little prematurely ; the rest of the beats are of 
true alternating character. The cardiogram is that of the left ventiicle, in which 
there is manifestly no alternation. Fig. 10 was taken from the area close to 
the sternum; the heart-beat curve has the character of that of the right ventricle, 
and shows no disparity in force corresponding to the alteraatiug radial beats. 

In the other patient pulsation was present in the fourth left intercostal space 
for a distance of about 2 inches from the edge of the sternum ; and also in the fifth 
left intercostal space 5 inches from the middle line at the site of the clinical apex 
beat. Tracings from these areas presented curious anomalies in the relationship 
of the height of the cardiogram and radial cuiwe. 

Tracings of the fourth intercostal space. Figs. 11-18 were obtained from 
the fourth left intercostal space, about 1| inches from the edge of the sternum; 
it is difficult to say from which part of the heart the impulse arose ; from its 
position it was probably the right ventricle ; the cardiogram, however, has not 
the inverted character usually present in a right-ventricle impulse. 

The figures are parts of a long continuous tracing. Fig. 11 shows decided 
and continuous alternation in the radial and cardiac curves ; it exhibits the 
anomaly present in Fig. 1, the lower wave of the radial pulse coinciding with the 
higher of the cardiogram. In Fig. 12 there is no appreciable difference in the 
height of the individual beats of either curve. No explanation is apparent for 
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Fig. 11. The height of the radial curve and that of the cardiogram are opposed, the 
weaker heat of the radial pulse coinciding rvith the stronger of the heart. This and the 
following figures up to No. 18 were taken from the fourth left intercostal space, about 
1 J inches from the edge of the sternum. The cardiogram in all these figures has the character 
of left-ventricle pulsation. 


Fio. 12. Shows no appreciable alternation in either cur\'e. 



Fig. 14. Shows alternation throughout in the cardiogram, while the radial pulse-beats 
in the fii-st part of the tracing are equal. When alternation in the pulse bemns the beats at 
first correspond in height with the cardiogram. After a few beats a reversed relationship is 
shown. 
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this change in the heart’s action. I have directed attention (5) to the fact that 
the degree of alternation in continuous ^wZstts alternans may be increased 
or decreased, and at times disparity in force may be abolished apart from 
changes in the rate of the pulse sufficient to account for it ; the suggested cause 
being attributed to respii-atory variations in thoracic pressure. 

On the recurrence of alternation shown in Fig. 13 a notable feature is the 
coincidence of the high and low waves of the radial pulse and cardiogram, the 
reversed relationship to that shown in Fig. 11. 

In the next figure (Fig. 14) the cardiogram shows disparity in height 
throughout, while in the first part of the tracing the radial pulse-beats are equal ; 
when alternation begins the big beat of the pulse corresponds with that of the 


Pig. 15. Alternation is present in the first half of the radial pulse curve ; the succeeding 
beats are approximately equal in height. The pulse rate is constant ; there is no appreciable 
alternation in the cardiogram. 



heart for the first few beats ; then a changed relationship ensues ; the w^eaker 
pulse wave synchronizes -with the stronger of the heai't. 

Still another anomaly is evident in the first part of Fig. 15, in that tho beats 
of the cardiogram do not appreciably vary in force, wlulst those of tho radial 
pulse alternate. In the continuation of this tracing alternation occurred in 
both curves, the stronger beats coinciding. 

Figs. 16, 17, and 18 are reproduced to show tho relationship of the waves 
after extra-s 3 '^stole. In Fig. 16 the relationship of the waves becomes reversed 
after tho group of extra-sj^stoles shown in the middle of the tracing. In Fig. 17, 
with the increased degree of alternation succeeding the inteimission at x, the 
anomalous relationship of high and Ioav beats recurs. A curious feature in this 
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tracing is the absence of a premature beat in the cardiogram or radial curve 
during -what is apparently an extra-systolic period, judging from the height of 
the succeeding vrave. It may be that the intermission represents a complete 
systolic deficiency of the left ventricle ; the compensatory pause is not complete, 
'whereas in Fig. 16 each intermission is equal to three pulse beats. 



Fig. 17. Shows an increased degree of alternation succeeding the intermission; the 
anomalous relationship of high and low beats recurs. There is no premature heat shown in 
the cardiogram or radial curve during intermission. 
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Fig. is. Before the extra-systoles the cardiogram alternates in force, but not the radial. 
Succeeding the premature beat alternation is present in both curves, the height of the waves 
coinciding. 



Fig. 19. Taken from the fourth space close to the edge of the sternum. The character 
of the cardiogram is that of right-ventricle impulse. 


The irregularity did not recur at the time ; later in the same day another 
record vras taken from the same area (Fig. 18) -with the cardiac and radial 
tambours of the G. A. Gibson polygraph. The extra-systole .shows both in the 
cardiogram and radial pulse. Immediately before the extra-systole the cardio- 
gram alternates in force, but there is no evidence of this in the radial.^ 

' -Mternation in the radial pulse or an increase in its degree not uncommonly precedes 
vxtra-systole. 
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With the succeeding alternation in both curves the larger beat corresponds 
with that of the pulse, and vice versa (Figs. 16 and 17). All these curves were 
taken from the same spot ; they are portions selected from continuous tracings, 
except Fig. 18, to illustrate the recurring changes in the relation of the height of the 
curves which were present in all observations made on many different occasions. 

On moving the receiver a little to the right the shape of the cardiogram was 
altered (Fig. 19), being that of the right ventricle, the downstroke coinciding with 
the radial pulse ; definite evidence of alternation is absent in the characteristic 
example illustrated. 






Tracings from the clinical a'pex beat. Two records from the fifth inter- 
costal space, 5 inches from the middle line, are shown. They were obtained on 
the same occasion as the other figures ; in Fig. 21 the paper was going faster in 
order more closely to differentiate the waves ; there is no evidence of alternation 
of the cardiogram in either figure (Figs. 20 and 21). This was the case in all 
the tracings taken from this area while the patent was under observation. 

Electro-cardiogram. Fig. 22 is an electro-cardiographic record from this 
patient, kindly taken for me by Dr. Thos. Lewis at Universit}’’ College Hospital 

T 

Medical School. An auricular extra-systole is shown at Ax in the radial, and at 

in the electric curve. The radial pulse curve shows decided alternation; its 
representative It in the electric curve shows on careful measurement a very slight 
variation in height. 

The lower waves correspond to the lower wave of the radial pulse, and vice 
versa, but the disparity in height is not nearly so pronounced as that of the radial 
pulses. 
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Records of the jugular pulsation. Evidence of alternation in the jugular 
pulse was not constant ; frequentlj’' it was pronounced and persistent over a long 
record, as in Fig. 23, in which there is veiy decided alternation, the auricular 
wave corresponding in height with the radial pulse. This relationship was 
invariable in all tracings taken. Fig. 24 illustrates sj’-nchronous increase in the 
degree of alternation in the venous and arterial pulses following extra-sj'stole. 



Fig. 23. Shows continuous alternation in the radial and jugular pulses; the height 
of the respective auricular and radial curves coincides. 



X 


Pig. 24. Alternation in the jugular and radial iiulscs succeeds the extra-systole at x. 





Fig. 25. The auricular curve shows decided alternation ; the radial pulses arc- 

equal in height. 


At times marked alternation was present in the jugular tracing, while the radial 
pulses were equal in force (Fig. 25). 

Incidentally I mention that jugular pulsation appears to bo curiously rare 
in jnilnis altcrnans. Records were possible from five only' of the twelve cases ; 
there was no alternation evident in any of the.se, except in the case illustrated. 
'The heart’ sounds. It is generally thought that in pulsus altcrnans the 
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sounds of the heart alternate in duration and intensity with the force of the 
pulse, and thus manifest a variation in force of the ventricular contractions. 
Although in this patient the alternation of the heai-t’s impulse was decided in the 
area from which the records Figs. 11-17 were taken and was perceptible through 
the receiver, I could not make out any definite difference in the pitch or duration 
of the heart-sounds, or of the tricuspid murmur which was present. 

The disparity in force of the radial pulses in extreme alternation is not 
seldom as great as that met with in recurring extra-systoles, and a 2 iTiori Ave 
should expect the same variation in the intensity of the heart-sounds in the one 
case as in the other. I was, however, unable to detect any variation in the 
loudness or duration of the sounds corresponding to the stronger and weaker 
beats in any of the cases observed. 

Thus in Fig. 3, in which some of the heart-beats fail to send a AA^ave to 
the Aviist, the heart-sounds were equall}' loud with the stronger and Aveaker 
beats.' 

In one of my cases a loud musical murmur was heard over the mitral area 
during systole, but its duration and characters did not change with the force of 
the pulse. 


Summary. 

1. In all cases observed but one no alternation was present in records 
taken from the clinical apex beat, Avhile in all disparity in force of alternate radial 
pulses was decided, and at times extreme. In the exceptional case the stronger 
beat of the heart-curve coincided with the AA'eaker of the pulse (Fig. 1). 

2. It is suggested that this anomaly is explicable on the assumption that 
the musculature of the ventricle producing the apex beat is not a part of that 
AA’^hich drives the blood out of the left ventricle ; otherwise it is inexplicable that 
the stronger beat of the v'entricle should cause the weaker pulse (Fig. 1) or 
that ventricular contractions equal in sti’ength, beat by beat, should cause an 
alternating pulse (Figs. 2-5). 

3. In two patients the heart’s pulsation aa'us recorded from two distinct 
areas, (a) In one case the cardiograms have the character of a left and right 
ventricular impulse respectively. The I’adial pulse AA’as markedly alternating ; 
but there was no evidence in the cardiograms of variations in strength of the 
ventricular contraction. 

(6) In the other case pulsation AA'^as i-ecorded from the clinical apex beat, and 
also from the fourth left intercostal space about 1|- inches from the left edge 
of the sternum. 

The cardiogi-am from both situations had the characters of left A’cntricular 
pulsation ; that obtained from the fifth space at no time shoAved alternation in 
force. The cardiogram from the fourth intercostal space continuous! 3' alternated, 
except for brief periods. The relationships betAveen the alternating beats of the 
cardiogram and those of the radial pulse were not constant, the height of the 
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respective waves being at times, opposed, at others similar ; at others, again, 
alternation was present in the heart-beat curve, whilst that of the radial pulse 
was equal ; the rovei'se relationship occuixed. 

4. Alternation was often pronounced in records of the jugular pulsation 
of this patient ; invariabl}’^ the larger a wave corresponded to the higher of the 
radial pulse. 

5. In curves having the character of right ventriculai- pulsation no evidence 
of alternation was present at any time. 

6. No variation in the intensity, pitch, or duration of the heart-sounds or 
murmurs coincident with alternation of the pulse was detected in any case. 

7. While the observations lend some support to the view of Hering, that in 
alternate heart-beat a partial systole of the ventricle occurs, the}’’ also show that 
in alternating pulse it is not always possible, in clinical cases, to determine the 
fact of alternating heart action. 
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DESCRIPTION OP FIGURE. 


Plate 40, Fig. 22. SiimiHaneous clcctro-cardiogrnm and polyginph radial curve, from the 
Eaine patient as Figs. 11-21. An auricular exlia-systole is shown at Ax in the radial, and at j. 


in the electric curve. The radial pulse show.s decided alternation ; there is hut slight variation 
in height of its ventricular representative P in tlie electric curve. 





ON THE ANALYSIS OF GASTEIC CONTENTS 


By P. N. panton and H. L. TIDY 

The following investigation falls into two parts: the fii-st deals with the 
•routine examination, of test-meals in a series of cases, the second consists of an 
inquiry into the various methods of examining test-meals and the meaning of 
■the results obtained. 


Part I. 

All the gastric analyses conducted at the London Hospital between 
January 1, 1909, and August 31, 1910, are included, amounting in all to 331 
cases. The cases are consecutive and in no wav selected, and all test-meals sent 
to the Laboratory during this period ai’e included. 

Technique. The stomach was sometimes washed out a few hours before the 
test-meal was given. The test-meal was practically tliat of Ewald, and con- 
sisted of two large cups of tea with milk and sugar if desired and two rounds of 
toast lightly buttered. The gastric content was withdrawn one hour afterwards 
without the addition of water. It was then filtered and the filtrate and 
residue examined by various tests, but in the following tables we practically 
consider only the presence or absence of free HCl, its amount, and the measure 
of the total acidity. The following simple analyses were always performed ; — 

(1) With a portion ■ of . the filtrate GUnzberg’s test was performed in the 
usual, manner. The reagent was freshly prepared for each test. 

(2) To 10 c.c. of the filtrate well diluted with water three drops of dimethyl- 
amidoazobenzene were added and decinormal soda run in from a burette until 
the pink colour Avas converted into jmllow. The original red colour passes 
through several shades, but with practice a definite point can in nearly every 
instance be recognized at which the pink colour disappears. It is this point 
which coincides with the neutralization of free HCl in a solution of known 

, strength. 

From the amount of decinormal soda used the amount of free acid was 
calculated, and is taken in our tables, when the Giinzberg reaction Avas positive, 
to indicate h 3 ’drochloric acid. The meaning of the dimeth^'l acidity and its 
accuracy as a measure of free hj'drochloric acid is considered in Part II. 

We consider the normal dimeth}-! acidity to be the equivalent of 0-1 per 
cent, free HCl. 


KJ. J. M., July.igit) 



450 


QUAKTERLY JOURNAL OF MEDICINE 


(3) After neuti’alization to dimethyl three drops of phenolphthalein were 
added to the same solution. Decinoi’mal soda was ran in until the first 
appearance of a permanent faint pink colour. (The true neutralization point is 
shown by the first appearance of a permanent pink.) The total acidity is given 
as the number of c.c. of decinormal soda which neutralize 100 c.c. of the 
given test meaL We find the normal total acidity varies between 40 and 50. 

The analyses considered here are consecutive and were all performed by 
the same observers. For the arrangement and removal of the test-meals we 
were dependent upon numerous individuals, and it is obvious that in such 
a series of cases errors may occasionally arise. The mistake most likely to 
occur is the neglect of the rule that no medicine should be given for twelve 
hours previously. When some such fallacy was suspected, a second test-meal 
Avas performed AAdien possible. One case occuixed in which no free h^^di'ochloric 
acid was found at the first examination and abundant free acid at the second. 
The patient was subsequently found to have taken a dose of bismuth from her 
neighbour’s bottle to ease an attack of gastric pain. 

The 331 cases examined are classified as follows : — 

Carcinoma of stomach — 43 cases, of Avhich 30 were operated upon. 

Gastric ulcer — 87 cases, of Avhich 49 were operated upon. 

Duodenal ulcer — 36 cases, of which 21 were operated upon. 

Other gastric cases not operated upon — 62 cases. 

Yarious conditions — 103 cases, of which 36 were operated upon. 


Carcinoma of the Stomach. 

The diagnosis of carcinoma in those cases which Avere operated upon Avas 
confirmed in almost every instance either by the microscope or by the presence 
of secondary deposits. Of the thirteen cases not operated upon eight presented 
definite clinical evidence of carcinoma of the stomach ; the remaining five were 
considered to be probably carcinoma. All the thirteen cases either refused 
operation or Avere considered inoperable. (See Tables I A and I B.) 

In the 43 cases free hydrochloric acid Avas absent in 39, or in 90-7 per cent. 
Free hydrochloric acid when present Avas either above normal or but slightly 
decreased. The total acidity ranged from 0 to 70. The average total acidity, 
iucluding the cases in AA'hich free HCI vras present, is 26. In nine test-meals 
an appreciable dimethyl aciditj'^ Avas present AAuth a negative Giinzberg. The 
presence or absence of lactic acid avc have not found particularly A'aluable in 
diagnosis. 

The site of the carcinoma as shoAAm by operation was in 3 cases the 
cardiac end, in 12 the pyloric end, and in the remaining 15 an intermediate 
position. The total acidity tended to be highest when the pylorus was 
atfected In cases AA'ith a A'ery Ioav total acidity the carcinoma was usually 
situated either at the cardia or in the hody of the stomach and was inoperable. 
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A very low total acidity would seem- to be an unfavourable sign; but notable 
exceptions occur, and very low acidities may be present with localized carcino- 
mata at the pylorus. 

The length of history was particularly inquired into in all these cases. Jn 
30 the duration was of one year or less and no previous account of gastiie 
symptoms could be elicited. In 4 the duration was between one and two 
years, in 2 between two and three years, and in 3 ‘between three and four 
years. In the remaining 4 cases a definite history of gastric illness extending 
over a period of from twenty to thirty years was obtained, and in 3 of these cases 
free hydrochloric acid was present.. It would therefore appear that the great 
majority of cases of carcinoma of the stomach have no previous history of 
gastric. ulcer and no free hydrochloric acid in the gastric juice, whilst in the 
minority a history of chronic gastric ulcer can be obtained, and in such cases free 
hydrochloric acid usually shows no diminution. A patient ^vith carcinoma of the 
stomach and a gastric history of less than two years is almost certain to have no 
free HGl in the test-meal; on the other hand a p)Citient with a gastnc history of 
more than four years and with no free HGl is unlikely to have a carcinoma, 
of the stomach. In the cases of long duration, a recent history was in each 
instance obtained of a definite increase in the gravity of the symptoms during 
the preceding few months. The clinical diagnosis previous to the test-meal was 
carcinoma of the stomach in 34 cases. 


Simple Ulcer of the Stomach, 

The diagnosis was confirmed by operation in 49 cases. In a few 
instances in which malignancy was suspected at the operation, the simple 
nature of the ulcer was demonstrated by the microscope. Of the cases not 
operated upon all had a definite gasti-ic history, the majority had had haema- 
temesis, and many gave an account of several attacks extending over a number 
of years. It is possible that a small proportion of these cases were suffering 
from duodenal and not gastric ulcer, and it is possible that a few had no ulcer 
at all. These cases have therefore been placed in a separate table. 

Cases operated upon (Table II a). Free hydrochloric acid was absent in 
five cases. In one of these a gastro-jejunostomy had previously been perfomied 
and at operation was found to be in action. In one an abscess was found 
opening into the stomach, and in this case free hydrochloric acid returned after- 
operation. In one no actual ulcer was found, multiple oozing points were 
present (gastrostaxis), and the patient had recently lost much blood. (The rela- 
tion between severe anaemia and absence of hydrochloric acid will be discussed 
later.) Of the remaining two cases one was an edentulous woman with the 
scar of an ulcer at the cardiac end, and the other was a case of dilated stomach 
with scarring at the pylorus. In three of the five cases exceptional circumstances 
were thus present. 

In the remaining 44 cases free acid was present. The amount ranged 
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from 0-06 to 0*21, the average being 0-13.- The total acidity varied from 34 to 
86, the average being 58. The average total acidity and amount of free acid 
is thus found to be above the average, but not so far above as might be obtained 
from a smaller number of selected cases. 

The position of the ulcer, when noted, was as follows: 28 at the pyloiic 
end, 17 in the body, and two at the cardiac end. The average acidity was the 
same in the three situations. In those cases where healed ulcers only were 
present, the aciditj’- was slightly lower than in the cases with active ulceration, 
the average total acidities being 53 and 60 respectively. 

The length of history vailed from a few months to many years. No 
difference appears in the amount of free acid and total acidity between those 
cases of less than one year and those of more than twenty years’ duration. 

The presence of recent haemorrhage, if severe, must evidently be taken 
into account when considering the results of test-meals in these cases. Well- 
marked anaemia may lead to diminution in the amount of free HCl and even to 
its absence, and it is a matter of clinical observation that free haemorrhage from 
an ulcer may be followed by temporary amelioration of the symptoms. 

The clinical diagnosis previous to the test-meal was gastric ulcer in 
26 cases, carcinoma in 16 cases, other conditions in 7. 

Gases not operated upon (Table II b). Free hydrochloric acid was present 
in 37 out of 38 cases. In the only case in which it was absent there had been 
a recent severe haemoiThage and at the time the test-meal was given the 
haemoglobin was 20 per cent. 

The average amount of free acid in the 37 cases was 0-14 per cent, and 
the average total acidity was 63. The averages are slightly above those in 
Table II B. The lower figures are naturally the more reliable. 


Duodenal Ulcer. 

The diagnosis in 20 cases was confinned by operation. In the remaining 
15 it was made on clinical grounds and particularly on the presence of hunger 
pain. Melaena was absent in the majority of these cases, but was present in only 
one of the 20 cases operated upon. 

Cases operated upon (Table III a). Free HCl was absent in one only of the 
21 cases, a man 60 years of age. In the remaining 20 cases the free acid 
varied from 0-08 to 0-30, and the total acidity from 43 to 105, the averages 
being 0-17 and 69. The acidity, therefore, in duodenal ulcer is veiy con- 
siderably above normal, and appreciably above that which was found to occur 
in eases of gastric ulcer. A high total acidity is a verj' constant feature and was 
below 50 in only two of the 20 cases. 

We may add that only one of these cases was a female, and that while 
haematcmesis was present in five cases, definite evidence of melaena only occurred 
in one case. 

The length of history varied from two months to nineteen years. 
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The clinical diagnosis previous to the test-meal was in 10 cases duodenal 
ulcer, in 2 gastric ulcer, in 4 carcinoma of the stomach, and in 5 other gastric 
conditions. 

Cases not operated upon (Table III b). The diagnosis of these cases is 
naturally uncertain. Chief reliance is based upon the presence of definite 
hunger pain with or without melaena. Free HCl was present in all these cases. 
Free acid varied from 0-08 to 0-30, and the total acidity between 41 and 93, the 
average free . acid being 0-17 and the average total acidity 68. These figures 
agree very closely with those in the previous table. 

Other Gastric Oases not operated iipon. 

Table IV contains miscellaneous gastric conditions and is published to 
render the inquiry consecutive. We do not propose to discuss the various 
conditions in detail, but we refer to a few points of interest. 

The 62 cases include two cases of achylia gastrica and two of HOI poisoning. 
In these free acid was absent and the total acidity very low. There were 
six cases of alcoholic gastritis. In five of these free acid Avas absent and the 
total acidity was low. There were 13 cases of hyperchlorhj^dria. These were 
cases with definite gastric symptoms extending from a few weeks to many 
years but without evidence of ulceration. All reacted to treatment. The 
average free acid was 0-23 and the average total acidity 86. 

The remaining cases in this list consist of various conditions of ‘ dyspepsia ’, 
a discussion of which is beyond the scope of this paper. The only points of 
interest are the assistance which a test-meal affords towards making a diagnosis 
and the indications which it gives for treatment, the cases with a low acidity 
doing well with hydrochloric acid and those with a high acidity improving on 
alkalis. The rapidity and completeness with which such patients lose their 
gastric symptoms under the appropi'iate treatment is remarkable, and, being 
especially marked in those with a low acidity, becomes useful in the diagnosis 
from carcinoma. 

In 15 cases the preliminary diagnosis was carcinoma of the stomach, and 
in nine of these free hydrochloric acid was present. In 15 cases the pre- 
liminary diagnosis was simple ulcer, and in five of these the acidity Avas 
distinctlj^ below normal. 

Various Conditions. Cases operated uj)on. 

Co-nsideration of Table V. This list includes cases in AAkich, so far as could 
be discovered at operation, no gross lesion of the gastric mucous membrane AA’as 
present. 

In six cases carcinoma was found elsewhere than in the stomach. In four 
of these free HCl was present. 

The remaining 31 cases include such conditions as gall-stones, gastroptosis, 
and appendicitis. 
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A preliminary diagnosis of carcinoma of the stomach was suggested in 
twelve of these. In six free HCl was present. Of the remaining six, in three 
the test-meal was obtained shortly before death, one was edentulous, and in 
the remaining two no cause was found for the absence of HCl. 


Various Conditions oiot oj^erated upon. 

Table VI contains a large number of conditions, the majority of which had 
gastric symptoms, although many were never considered to be purely gastric 
cases. A small but interesting group of severe .anaemias was purposely included. 
Five of these were typical examples of peimicious anaerhia, and in four others 
the anaemia was of the secondary type. In all but one of these cases gastric 
secretion was practically absent. The absence of free acid after severe 
haemorrhage has ali'eady been referred to in dealing with gastric ulcer. In 
view of the theory sometimes held that pernicious anaemia is duo to atony 
of the gastric mucous membrane it is interesting to note that a similar con- 
dition of the gastric juice is found in secondary anaemia. 

In eight cases the diagnosis was neurasthenia. Five of these had acidities 
distinctly’' above the normal. In five evident malingerers the analyses agreed 
with the normal. Of ten cases in which the symptoms suggested carcinoma, 
nine gave a normal test-meal result. One of the cases referred to above had 
suftered from rectal haemoiThage for sixteen years. When admitted to hospital 
under the care of Dr. Hutchison a test-meal showed absence of HCl and a total 
acidity of 10. His red cells numbered 3,000,000 to the cub. mm., and his haemo- 
globin was 30 per cent. Nine months after a radical cure for haemorrhoids, 
though greatly improved in health, he still complained of dyspepsia ; his blood 
condition had become normal, but there was still an absence of free HCl in 
his gastric juice. A prolonged secondary anaemia due to I’epeated haemorrhages 
seems capable of inducing a peimanent atony of the gastric mucous membrane. 


Conclusions. 

1. In normal gastric contents Gunzberg’s reaction is positive, free hydro- 
chloric acid varies between O-OS and 0-12, and the acidity lies between 40 
and 50. 

2. In carcinoma of the stomach Gunzberg’s reaction is nearly always 
negative, i.e. free hydrochloric acid is absent. The average of the total acidity 
is 26. Some dimethyl acidity is often present. In the rare cases in which 
carcinoma is grafted upon a simple ulcer, free hydrochloric acid is usually 
present, and the total acidity may be normal or even above normal. Thus, 
in these cases, the analysis often resembles that found in simple gastric ulcer. 

3. In simple gastric ulcer Gunzberg’s reaction is positive, the average of the 
free hydrochloric acid is 0-13 and the total acidity 58. Free hydrochloric acid 
may be absent after a severe haemorrhage or after a previous gastro-jejunostomy. 



ON THE ANALYSIS OF GASTRIC CONTENTS 


455 


4. In duodenal ulcer the average of the free hydi’ochloric acid is 0'17, and 
the total acidity '69. 

5. Free hydrochloric acid is usually absent in cases of achylia gastrica, 
chronic alcoholic gastritis, severe anaemia, chronic pulmonary tuberculosis, and 
in some forms of chronic ' dyspepsia In these latter cases relief of gastric 
symptoms usually follows treatment by acids. Cases of hyperchlorhydiia are 
commonly relieved by alkabs. 

It is not suggested that the diagnosis and treatment of gastric cases should 
depend upon the result of test-meals alone, but we find that the simple analysis 
described above affords very reliable information when taken in conjunction 
with clinical observation, and particularly with a carefully taken history. 


Table I a. Carcinoma of Stomach. Causes operated upon. 

Case 4. Total acidity; Neutral, i'ree acid (as HCl) ; Absent. Giinzberg’s reaction : 
Negative. Duration : 9 months. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Scirrhus carcinoma. Site : Leather bottle. Eemarks : P.M. General carcinomatosis. 

Case 9. Total acidity ; 24. Pree acid (as HCl) : Absent. Giinzberg’s reaction r 
Negative. Dactic acid : Present. Duration : 5 months. Previous diagnosis : Gastritis. 
Pinal diagnosis : Carcinoma. Site ; Pylorus. Remarks : Carcinoma of pylorus ; inoperable ; 
carcinomatosis of peritoneum. 

Case 27. Total acidity: 31. Pree acid (as HCl): Absent. Gunzberg’s reaction: 
Negative. Duration : 5 months. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Carcinoma. Site : Pylorus. 

Case 32, Totalacidity : (1) 8, (2)4. Pree acid (as HCl) : Absent. Gunzberg’s reaction : 
Negative. Diwation : 6 months. Previous diagnosis : Chronic gastric ulcer. Pinal diag- 
nosis: Carcinoma. Site: Body. Eemarks: Inoperable: scirrhus carcinoma; body (microscope). 

Case 37, Total acidity: 7, Pree acid (as HCl): Absent. Gunzberg’s reaction: 
Negative. Lactic acid: Absent. Duration: 3 months. Previous diagnosis: Carcinoma of 
stomach. Pinal diagnosis : Carcinoma. Site : All stomach involved. Eemarks : Inoperable. 

Case 89. Total acidity : 27. Pree acid (as HCl) : Absent. Giinzberg's reaction ; 
Negative. Lactic acid ; Absent. Duration : 3 months. Previous diagnosis : Carcinoma 
of stomach. PTnal diagnosis : Carcinoma. Site: Pylorus. 

Case 47. Total acidity: 4. Pree acid (as HCl): Absent. Gunzberg’s reaction: 
Negative. Duration : 1 year. Haematemesis : 4 years ago. Previous diagnosis : Carcinoma 
of stomach. Pinal diagnosis : Scirrhus carcinoma. Site : Leather bottle. Remarks : P.M. 

Case 48, Total acidity : 0. Pree acid (as HCl) ; Absent, Gunzberg’s reaction : 
Negative. Lactic acid : Absent. Duration ; 2 years. Previous diagnosis : Carcinoma 
of stomach. Pinal diagnosis : Carcinoma. Site : Cardia. Eemarks : Inoperable. 

Case 87. Total acidity: 47. Pree acid (as HCl); O-OG. Giinzberg’s reaction: 
Negative. Duration: 4 years. Previous diagnosis: Dyspepsia. Pinal diagnosis: Car- 
cinoma. Site: Pylorus. Remarks: Secondary glands ; microscope; inoperable. 

Case 94. Total acidity : 45. Pree acidity (as HCl) : 0-03. Gunzborg’s reaction : 
Negative. Lactic acid : Trace. Duration : 5 months. Previous diagnosis : Carcinoma 
of stomach. Pinal diagnosis : Carcinoma, Site: Body. Remarks : Secondaries in liver. 

Case 120. Totalacidity: 14, Pree acid (as HCl) ; Absent, Giinzberg’s reaction: 
Negative. Lactic acid: Absent. Duration: 7 months. Previous diagnosis: Carcinoma 
of stomach. Pinal diagnosis: Carcinoma. Site: Body. Eemarks: Estensivc growth ; 
inoperable. 

Case 129. Total acidity: 51. Pree acid (as HCl): 007. Giinzberg’s reaction; 
Negative. Lactic acid : Trace. Duration ; 8 months. Previous diagnosis : C.irciiiom:: of 
CQ.J.M., July.igii.] H h 
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pylorus. Final diagnosis : Carcinoma. Site : Pylorus. Eemarks : Columnar-celled 
carcinoma (microscope). 

Case 177. Total acidity: Neutral. Free acid (as HCl) : Absent. Gunzberg’s reaction : 
Negative. Duration: 30 years. Previous diagnosis : Carcinoma of stomach. Final diag- 
nosis : Carcinoma. Site : Leather bottle. KemarlrB : Large ulcer posterior wall of stomach ; 
no microscope. 

Case 184. Total acidity : 3. Free acid (as HCl) : Absent. Gunzberg’s reaction : 
Negative. Duration: 16 months. Previous diagnosis : Duodenal ulcer. Final diagnosis : 
Carcinoma. Site : Pylorus. Eemarks : Secondaiy glands ; inoperable. 

Case 185. Total acidity: 6. Free acid (as HCl): Absent. Gunzberg’s reaction; 
Negative. Lactic acid: Absent. Duration: 24 years. Previous diagnosis: Carcinoma 
stomach. Final diagnosis : Carcinoma. Site: Cardia. Eemarks: Carcinoma of oesophagus 
and cardia ; inoperable. 

Case 186. Total acidity: 41. Free acid (as HCl): 0-08. Gunzberg’s reaction: 
Positive. Duration : 30 3'ears. Previous diagnosis : Carcinoma of stomach. Final diag- 
nosis : Carcinoma. Site : Pylorus. 

Case 194. Total acidity : 10. Free acid (as HCl) : Absent. Gunzberg’s reaction : 
Negative. Duration: 6 months. Previous diagnosis : Carcinoma of stomach. Final diag- 
nosis : Carcinoma. Site ; Pylorus. 

Case 198. Total acidity : 48. Free acid (as HCl) : Absent. Gunzberg’s reaction : 
Negative. Lactic acid : Present. Duration : 8 months. Previous diagnosis : Carcinoma 
of stomach. Final diagnosis : Carcinoma. Site : Pylorus. Eemarks : Inoperable ; P.M. ; 
chronic duodenal ulcer 1 inch beyond pylorus; large cirrcinoma of stomach ; many secondaries. 

Case 207. Total acidity : 66. Free acid (as HCl) : 0-14. Giinzberg’s reaction : 
Positive. Duration : 28 years 4 months. Previous diagnosis : Gastiic ulcer. Final diag- 
nosis : Carcinoma. Site : Cardia. Eemarks : 28 years’ history of gastric ulcer ; free for 
3 years ; present attack 4 months. 

Case 209, Total acidity : 63, Free acid (as HCl) : 0-13. Gunzberg’s reaction : 
Positive. Duration : 20 years. Previous diagnosis : Gastric ulcer. Final diagnosis : 
Carcinoma. Site : Pylorus. Eemarks : Progressively worse ; no acute history. 

Case 210. Total acidity: (1) 45, (2) 32. Free acid (as HCl): (1) 0-04, (2) Absent. 
Qunzberg’s reaction ; (1, 2) Negative. Lactic acid : Present. Duration : 7 months. 
Previous diagnosis : Carcinoma of stomach. Final diagnosis : Carcinoma. Site : Anterior 
wall. Eemarks : Inoperable. 

Case 230. Total acidity : (1) 26, (2) 56. Free acid (as HCl) : Trace. Gunzberg’s 
reaction : Negative. Lactic acid : Absent. Duration : 10 months. Previous diagnosis : 
Gastric ulcer. Final diagnosis ; Carcinoma. Site : Anterior wall. Eemarks : Inoperable ; 
secondary nodules. 

Case 238. Total acidity : 7. Free acid (as HCl) : Absent. Gunzberg’s reaction : 
Negative. Dixration : 2 years. Previous diagnosis : Carcinoma of stomach. Final diag- 
nosis : Carcinoma. Site : Body. Eemarks : Many secondaries. 

Case 297. Total acidity : (1) 28, (2) 50. Free acid (as HCl) ; (1) O-OS, (2) 0-08. 
Gunzberg’s reaction: (1, 2) Negative. Lactic acid: (1, 2) Absent. Duration: 4 months. 
Previous diagnosis : Carcinoma of stomach. Final diagnosis : Carcinoma. Site : Pylorus. 

Case 313. Total acidity: 43. Free acid (as HCl): 0-10. Gunzberg’s reaction: 
Positive. Duration : 39 months. Previous diagnosis : Carcinoma of stomach. Final 
diagnosis : Carcinoma. Site : Lesser curvature. Eemarks : Inoperable ; fungating mass 
and glands ; 3 months’ acute history. 

Case 323. Total acidity : 38. Free acid (as HCl) : Absent. Gunzberg’s reaction : 
Negative. Lactic acid: Present. Duration: 11- years. Previous diagnosis: Carcinoma 
of stomach. Final diagnosis : Carcinoma. Site : Whole stomach. Eemarks : Inoperable ; 
refused operation 8 months ago. 

Case 338. Total acidity : 25. Free acid (as HCl) : Absent. Giinzberg’s reaction : 
Negative. Duration : 5 weeks. Previous diagnosis ; Carcinoma of stomach. Final diag- 
nosis : Carcinoma. Site : Body. 

Ca=c 34S. Free acid (as HCl) : Absent. Gunzberg’s reaction : Negative. Duration : 
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6 montlas. Previous diagnosis : Carcinoma of stomacli. Pinal diagnosis : Carcinoma. 
Site : Anterior surface, lesser curvature. Eemarks : Secondary in liver ; inoperable ; death 
3 da3'3 later, haemorrhage from growth ; test-meal 3 c.c. only. 

Case 367. Total acidity ; 16. Pree acid (as HCl) : Ah.sent. Giinzberg’s reaction : 
Negative. Duration : 7 months. Previous diagnosis: Carcinoma of stomach. Pinal diag- 
nosis ; Carcinoma. Site ; Pylorus. Eemarks : No tumour ; no haematemesis ; operation ; 
inoperable carcinoma of pylorus. 

Case 369. Total acidity : 70. Pree acid (as HCl) : 0-105, Gimsberg’s reaction : 
Negative. Duration : 3 months. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Carcinoma. Site : Anterior surface, greater curvature. Eemarks : Secondaries in 
liver; inoperable. 


Table I b. Carcinoma of Stonuicli. Gases oiof operated upon. 

Case 25. Total acidity ; 16. Pree acid (as HCl) : Absent. Gunnberg’s reaction ; 
Negative. Duration : 7 months. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Carcinoma of stomach. Eemarks : Tumour considered inoiDerable. 

Case 53. Total acidity: 11. Pree acid (as HCl): Absent. Giinzberg’s reaction: 
Negative. Duration : 6 months. Previous diagnosis ; Carcinoma of stomach. Pinal diag- 
nosis : Carcinoma of pylorus. Eemarks : Tumour, also nodules in liver. 

Case 57. Total acidity: 9. Pree acid (as HCl): Absent. Giinzberg’s reaction: 
Negative. Duration : 6 months. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Carcinoma of stomach. Eemarks : Dysphagia ; discharged himself. 

Case 63. Total acidity : 15. Pree acid (as HCl) : Absent. Giinzberg’s reaction : 
Negative. . Lactic acid : Present. Duration : 1 year 6 months. Previous diagnosis : 
Carcinoma of stomach. Pinal diagnosis : Carcinoma of stomach. Eemarks : Tumour ; 
refused operation. 

Case 84. Total acidity : 58. Pree acid (as HCl) : Absent. Giinzberg’s reaction : 
Negative. Lactic acid : Present. Duration : 1 month. Previous diagnosis : Carcinoma 
of stomach. Pinal diagnosis ; Carcinoma of stomach. .Eemarks : Nodule in abdominal 
wall — pain and vomiting ; refused operation. 

Case 96. Total acidity : 6. Pree acid (as HCl) : Absent. Gunzberg’s reaction : 
Negative. Duration : 2 years. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Carcinoma of stomach. Eemarks : Tumour ; considered inoperable. 

Case 103. Total acidity : 22. Pree acid (as HCl) : Absent. Gunzberg’s reaction : 
Negative. Lactic acid : Present. Duration : 2 months. Previous diagnosis : Carcinoma 
of stomach. Pinal diagnosis: Carcinoma of stomach. Eemarks: Tumour; considered 
inoperable. 

Case 119. Total acidity : 7. Pree acid (as HCl) : Absent. Gunzberg’s reaction : 
Negative. Lactic acid : Present. Duration : 1 jmar. Previous diagnosis : Carcinoma of 
stomach. Pinal diagnosis : Carcinoma of stomach. Eemarks : Tumour ; refused operation. 

Case 148. Total acidity : 18. Pree acid (as HCl) ; Absent. Gunzberg’s reaction : 
Negative. Duration : 1 month. Previous diagnosis : Carcinoma of liver. Pinal diagnosis : 
Carcinoma of stomach. Eemarks : Nodular liver— jaundice ; discharged as inoperable. 

Case 172. Total acidity : 38. Pree acid (ns HCl) : 0-04. Gunzborg’s reaction : 
Negative. Duration : 3 months. Previous diagnosis ; Carcinoma of stom.ach. Pinal 
diagnosis: Carcinoma of stomach. Eemarks: Doubtful tumour; constant pain; no 
vomiting ; refused operation. 

Case 183. Total acidity : 26. Pree acid (as HCl) : 0-02. Gunzborg's reaction : 
Negative. Duration : 1 year. Previous diagnosis ; Carcinoma of pjdonis. Pinal diagnosis ; 
Carcinoma (probablj- of pylorus). Eemarks : Supraclavicular glands ; tumour at pylorus. 

Case 244. Total acidity : 23. Pree acid (as HCl) : Absent. Giinzborg’s reaction : 
Negative. Lactic acid : Absent. Duration : 9 months. Pinal diagnosis : Carcinonm 
of stomach. Eemarks: Constant pain ; refused operation. 

Case 263. Total acidity: (1) 9, (2)41, (3)21. Pree acid (as HCl): (1, 2, .3) Absent. 

H h 2 
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Giinzberg’s reaction: (1,2,3) Negative. Lactic acid: (1) Absent, (2) Trace, (3) Absent. 
Duration : 9 months. Previous diagnosis : Carcinoma of stomach. Pinal diagnosis : 
Carcinoma of stomach. Pemarks : Tumour ; considered inoperable. 


Table II a. Simple Gastric Ulcer. Gases operated vpon. 

Case 14. Total acidity : 59. Pree acid (as HCl) : 0d3. Giinzberg’s reaction : 

Positive. Duration : 8 years. Previous diagnosis : Gastric ulcer. Pirual diagnosis : 
Gastric ulcer. Site of ulcer : Pylorus. 

Case 21. Total acidity : 21. Pree acid (as HCl) : 0-03. Giinzberg's reaction : 

Negative. Duration : 5 years. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Cardiac ulcer (edentulous). Scar : Present. 

Case 28. Total acidity : 49. Pree acid (as HCl) : 0-09. Giinzberg’s reaction : 
Positive. Duration : 10 years. Haematemesis : Absent. Previous diagnosis : Dilated 
stomach. Pinal diagnosis : Gastric ulcer; dilated stomach. Site of ulcer : Pylorus. 

Case 50. Total acidity : 70. Pree acid (as HCl) : 0-20. Giinzberg’s reaction : 

Positive. Duration: 4 years. Haematemesis: Present. Previous diagnosis: Gastric 
ulcer. Pinal diagnosis : Gastric ulcer. Active ulcer : Present. Site of ulcer : Pylorus. 

Case 60. Total acidity : 54. Pree acid (as HCl) : 0-04. Giinzberg’s reaction : 

Negative. Duration : 2 years. Haematemesis : History. Previous diagnosis : Dilated 
stomach. Pinal diagnosis : Pyloric stenosis ; dilated stomach. Scar : Present, Site of 
ulcer : Pylorus. 

Case GG. Total acidity : 5G. Pree acid (as HCl) : 0-16, Giinzberg’s reaction : 

Positive. Duration : 20 years. Haematemesis : Present, Previous diagnosis ; Gastric 
ulcer. Pinal diagnosis : Gastric ulcer. Active ulcer : Present. Scar : Present. Site of 
ulcer: Pylorus. 

Case 88. Total acidity: 42. Pree acid (as HCl) : 008. Gunzberg’s reaction : Positive. 
Duration : 7 months. Haematemesis : Absent. Previous diagnosis : Carcinoma of stomach. 
Pinal diagnosis : Gastric ulcer. Active ulcer : Present. Site of ulcer : Pylorus. 

Case 97. Total acidity : 13. Pree acid (as HCl) : Absent. Gunzberg’s reaction : 
Negative. Haematemesis : Recent. Previous diagnosis : Gastric ulcer. Active ulcer : 
Present. 

Case 110. Total acidity: 40. Pree acid (as HCl): 0-10. Gunzberg’s reaction: 

Positive. Duration : 16 years. Haematemesis : Present. Previous diagnosis : Carcinoma 
ofstomach. Pinal diagnosis : Gastric ulcer. Active ulcer: Present. Site of ulcer: Pylorus. 

Case 122. Total acidity : 58. Pree acid (as HCl) : 018. Giinzberg’s reaction : 

Positive. Duration: 7 years. Haematemesis: Absent. Previous diagnosis: Gastric 

ulcer. Pinal diagnosis : Gastric ulcer. 

Case 125. Total acidity : 51. Pree acid (as HCl) : 0-13. Gunzberg’s reaction : 
Positive. Duration : 6 uveeks. Haematemesis : Absent. Previous diagnosis : Carcinoma 
of stomach. Pinal diagnosis : Gastric ulcer. Site of ulcer : Pylorus. 

Case 12G. Total acidity : 51. Pree acid (as HCl) : 0d4. Giinzberg's reaction : 

Positive. Duration : 5 years. Haematemesis : Absent. Previous diagnosis : Gastric 

ulcer. Pinal diagnosis : Gastric ulcer ; hour-glass stomach. Scar : Present. Site of ulcer : 
Hour-glass. 

Case 128. Total acidity : 68. Pree acid (as HCl) : 0-20. Giinzberg’s reaction : 

Positive. Duration : 10 years. Haematemesis : History. Previous diagnosis : Dilated 

stomach. Pinal diagnosis : Gastric ulcer ; dilated stomach. Soar : Present. Site of ulcer : 
Pylorus. 

Case 134. Total acidity : 45. Pree acid (as HCl) : O-IO. Giinzberg’s reaction : 
Positive. Duration : 3 years. Haomatomesis : Present. Previous diagnosis : Carcinoma of 
stomach. Pinal diagnosis : Gastric ulcer ; dilated stomach. Site of ulcer: Posterior surface. 

Case 135. Total acidity: 34. Pree acid (as HCl): O-OG. Gunzberg’s reaction: 

Positive. Duration: 7 year.s. Haematemesis: Pre.scnt. Previous diagnosis: Gastric 

ulcer. Final diagnosia : Gastric ulcer. Site of ulcer: Lesser curvature. 
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Case 176. Total acidity : 44. Free acid (as HCl) : 0-07. Giinzberg’s reaction : 
Feeble. Duration : 14 years. Haematemesis : Absent. Previous diagnosis : Gastric 
ulcer, Pinal diagnosis : Gastric ulcer. Site of ulcer :• Lesser curvature. 

Case 205. Total acidity: 66. Pree acid (as HCl): '0'16.. Qunzberg’s reaction: 

Positive. Duration : 9 yeai-s. Haematemesis : Absent. Previous diagnosis : Dilated 
stomach. Pinal diagnosis : Pyloric stenosis ; gastric ulcer. Site of ulcer: Pylorus. 

Case 206. Total acidity : 29. Giinzberg’s reaction : Negative. Dm’ation : 7 years. 
Haematemesis: Present. Previous diagnosis : Gastric ulcer. Pinal diagnosis : Multiple 
oozing points (gastrostaxis). 

Case 210. Total acidity: 68. Pree acid (as -HCl): O-IS. Giinzberg’s reaction: 

Positive. Haematemesis : No note. Previous diagnosis : Gastric ulcer. Pinal diagnosis : 
Gastric ulcer. 

Case 214. Total acidity : 73. Pree acid (as HCl) : OdO. Giinzberg’s reaction : 

Positive. Duration : 20 year's. Haematemesis : Present. Pre'vious diagnosis : Gastric 

ulcer. Pinal diagnosis : Gastric ulcer. Active ulcer : Present. Site of ulcer : Lesser 
curvature. 

Case 215. Total acidity : 64. Pree acid (as HCl) : 0-15. Giinzberg’s reaction ; 

Positive. Duration : 30 years. Haematemesis : Absent. Previous diagnosis : Gall-stones. 
Pinal diagnosis : Gastric ulcer. Active ulcer : Present. Site of ulcer : Pylorus. 

Case 221. Total acidity : 62. Pree acid (as HCl) : O-ll. Giinzberg’s reaction : 

Positive. Duration: 3 years. Haematemesis: Absent. Previous diagnosis: Duodenal 
ulcer. Pinal diagnosis: Gastric ulcer. Active ulcer: Present. Site of ulcer: Posterior 
surface. 

Case 225. Total acidity: 57. Pree acid (as HCl): 0-17. Giinzberg’s reaction: 

Positive. Drzration : 1 year. Haematemesis : Absent. Previous diagnosis ; Carcinoma of 
, stomach. Pinal diagnosis : Gastric ulcer. Active ulcer : Present. Site of ulcer : Cardiac 
lesser curvature. 

Case 227. Total acidity : 38. Pree acid (as HCl) : O-OQ. Giinzberg’s reaction : 

Positive. Duration : 6 years. Haematemesis : Present. Prevrious diagnosis : Carcinoma 
of stomach. Pinal diagnosis: Gastric ulcer. Active ulcer: Present. Site of ulcer: 
Pylorus. ■ 

Case 232. Total acidity : 58. Pree acid (as HCl) : 0-10. Giinzberg’s reaction : 
Positive. Duration : 20 years. Haematemesis : Absent. Previous diagnosis : Carcinoma 
of stomach. Pinal diagnosis : Gastric ulcer j hour-glass stomach. Siteofrdcer: Hour-glass. 

Case 233. Total acidity : 40. Pree acid (as HCl) ; 0-06. Giinzberg’s reaction : 
Positive. Duration : 7 years. Haematemesis : Absent. Previous diagnosis : Gastric 
ulcer. Pinal diagnosis : Gastric ulcer. Scar : Present. Site of ulcer : Pylorus. 

Case 234. Total acidity : 58. Pree acid (as HCl) : O-IS. Gunzberg’s reaction : 

Positive. Duration : 44 years. Haematemesis : Present. Previous diagnosis ; Gastric 

ulcer. Pinal diagnosis : Gastric, ulcer. Active rdcer : Present. Site of ulcer : Lesser 
curvature. 

Case 252. Total acidity: 51. Free acid (as HCl): 0-13. Gunzberg’s reaction: 
Positive. Duration : 20 years. Haematemesis : Absent. Previous diagnosis : Pyloric 
stenosis. Pinal diagnosis : Gastiic ulcer. Scar : Present. Site of ulcer : Pylorus. 

Case 253. Total acidity : 41. Free acid (as HCl) : 0-10. Giinzberg’s reaction : 

Positive. Duration : 6 years. Haematemesis : Absent. Previous diagnosis : Carcinoma 
of stomach. Pinal diagnosis : Gastric ulcer; dilated stomach. Scar: Present. Site of xdcor : 
Pylorus. 

Case 269. Total acidity : 43- Free acid (as HCl) : 0-06. Gunzberg’s reaction : 

Positive. Duration : 14 years. Haematemesis : Present. Previous diagnosis : Gastric 
ulcer. Pinal diagnosis : Gastric ulcer. Scar ; Present. Site of ulcer : Lesser cuivature. 

Case 274. Total acidity: 67. Free acid (as HCl): 0-20. Gunzberg’s reaction: 

Positive. Duration : 8 years. Haematemesis : Present. Previous diagnosis : Carcinoma of 
stomach. Final diagnosis : Gastric ulcer. Active ulcer : Present. Site of ulcer : Pylorus. 

Case 275. Total acidity: 47. Free acid (as HCl): 0-10. Gunzborg’s reaction: 

Positive. Dimation : 19 months. Haematemesis : Absent. Previous diagnosis : Gastric 
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ulcer. Final diagnosis : Pyloric thickening ; dilated stomach. Scar : Present. Site of 
ulcer: Pylorus. 

Case 278. Total acidity : 74. Free acid (as HGl) : 0-21. Giinzberg’s reaction : 

Positive. Dmation : 5 years. Haematemesis : Absent. Previous diagnosis : Pyloric 
obstruction. Final diagnosis : Pyloric thickening. Scar : Present. Site of ulcer : -Pylorus. 

Case 279. Total acidity; 66. Free acid (as HXll) : 0-13. Gunzberg’s reaction: 

Positive. Duration : 25 years. Haematemesis : Absent. Previous diagnosis : Duodenal 
ulcer. Final diagnosis : Gastric ulcer. Active ulcer : Present. Site of ulcer : Pylonis ; 
lesser curvature. 

Case 280. Total acidity: (1)83, (2)42, (3)77. Free acid (as HCl): (1) 0-20, (2) O-ll, 

(3) 0-19. Gunzberg’s reaction: (1, 2, 3) Positive. Duration: 4 years. Haematemesis; 

Slight. Previous dlaggroBis : Carcinoma of stomach. Final diagnosis : Gastric ulcer and 
old scar. Active'ulcer : Present. Scar; Present. Site of ulcer; Pylorus. 

Case 283. Total acidity : 62. Free acid (as HCl) : 045. Gunzberg’s reaction : 

Positive. Duration : 6 years. Previous diagnosis : Gastritis. Final diagnosis : Gastric 
ulcer. Scar : Present. Site of ulcer : Pylorus. 

Case 284. Total acidity: (1) 76, (2) 61. Free acid (as HCl): (1) 048, (2) 042. 
Gunzberg’s reaction ; (1, 2) Positive. Duration : 2 years. Haematemesis : Absent. 
Previous diagnosis : Carcinoma of stomach. Final diagnosis : Pyloric thickening ; ulcer. 
Scar ; Present. Site of ulcer : Pylorus. 

Case 293. Total acidity ; 77. Free acid (as HCl) : 048. Giinzberg's reaction : 

Positive. Duration : 9 months. Haematemesis : Melaena. Previous diagnosis : Carcinoma 
of stomach. Final diagnosis : Gastric ulcer, also duodenal ulceiv Active ulcer : Present. 
Site of ulcer ; Pylorus ; lesser curvature. 

Case 298. Total acidity: 52. Free acid (as HCl): 0-08. Gunzberg’s reaction: 

Positive. Diuration: 7 yearn. Haematemesis: Present. Previous diagnosis: Gastric 
ulcer. Final diagnosis : Gastric ulcer. Active ulcer : Present. Site of ulcer : Pylorus, 
Case 300. Total acidity: 50. Free acid (as HCl): 041. Gunzberg’s reaction: 

Positive. Duration : 3 years. Haematemesis ; Present. Previous diagnosis : Gastric 
ulcer. Final diagnosis : Gastric ulcer. Active ulcer : Present. Site of ulcer : Pjdorus ; 
lesser curvature. 

Case 317, Total acidity : (1) 21, (2) 48. Free acid (as HCl) : (1) 0-03, (2) 040. Gunz- 
berg’s reaction : (1) Negative, (2) Positive. Duration : 3 years. Haematemesis : Absent. 
Previous diagnosis : Gastric ulcei’. Final diagnosis : Gastric ulcer ; hour-glass. Remarks : 
(1) before operation, (2) 10 days after operation. 

Case 326. Total acidity: 76. Free acid (as HCl): 049. Gunzberg’s reaction: 
Positive. Duration : 5 years. Haematemesis : Absent. Previous diagnosis : Gastric ulcer. 
Final diagnosis : Gastric ulcer. Active ulcer : Present, Site of rdeer : Lesser curvature. 

Case 332, Total acidity : 62. Free acid (as HCl) : 045. Giinzberg’s reaction : 
Positive. Duration : 3 years. Haematemesis : Present. Previous diagnosis : Duodenal 
ulcer. Final diagnosis : Gastric ulcer. Active ulcer : Present. Site of ulcer : Lesser 
ciu-vature. 

Case 335. Total acidity : 44. Free acid (as HCl) : 0-08. Giinzberg’s reaction : 
Positive. Duration: 5 years. Haematemesis: Present. Previous diagnosis: Prepyloric 
ulcer. Final diagnosis: Gastric ulcer; dilated stomach. Scar: Present. Site of ulcer: 
Lesser curvature. 

Case 336. Total acidity : 46. Free acid (as HCl) : 0'07. Giinzberg’s reaction : Trace. 
Duration : 3 years. Haematemesis : Absent. Previous diagnosis : Carcinoma of stomach. 
Final diagnosis : Gastric ulcer ; hour-glass. Scar : Present. Site of ulcer : Lesser curvature. 

Case 343. Total acidity : 62. Free acid (as HCl) : 0-15. Gunzberg’s reaction : 
Positive. Duration: 31- years. Haomatemesis : Absent. Previous diagnosis: Pyloric 
obstruction. Final diagnosis : Gastric ulcer. Site of ulcer : Pylorus. 

Case 353. Total acidity: 69. Free acid (as HCl): 047. Giinzberg’s reaction: 
Positive, Duration: 2 years. Haematomesis ; Absent. Previous diagnosis : Carcinoma of 
stomach. Final diagnosis : Pyloric stenosis ; simple ulcer. Scar: Present. Site of ulcer; 
Pylonis. 
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Case 368. Total acidity : 86. Pree acid (as HCl) : 0-16. Giinzberg’s reaction : 
Positive. Duration ; 4 months. Haematemesis : Absent. Previous diagnosis : Carcinoma of 
stomach. Pinal diagnosis : Gastric ulcer. Active ulcer: Present. Site of ulcer: Pylorus. 

Case 371. Total acidity: 47. Pree acid (as HCl): O-ll. Giinzberg’s reaction: 
Positive. Duration: 2 years. Haematemesis: Present. Previous diagnosis: Gastric 
ulcer. Pinal diagnosis : Gastric ulcer. Scar: Present. Site of ulcer: Pylorus. 


Table II B. Simple Gastric Ulcers. Cases not operated upon. 

Case 3. Total acidity : 85. Pree acid (as HCl) : 0-23. Giinzberg’s reaction ; Positive. 
Duration : 6 years. Haematemesis : Absent. Previous diagnosis : Carcinoma of stomach. 
Pinal diagnosis ; Gastric ulcer. 

Case 26. Total acidity : 55. Pree acid (as HCl) : 0-13. Giinzberg’s reaction : Positive. 
Duration : 4 years. Haematemesis : Present. Previous diagnosis : Gastric ulcei% Pinal 
diagnosis : Gastric ulcer. 

Case 42. Total acidity : 88. Pree acid (as HCl) : 0-22. Giinzberg’s reaction : Positive. 
Duration: 10 years and 6 months. Haematemesis: Absent. Previous diagnosis: Car- 
cinoma of stomach. Pinal diagnosis : Gastric ulcer ; dilated stomach. 

Case 59. Total acidity : 68. Pree acid (as HCl) : 0-17. Giinzberg’s reaction : Positive. 
Duration : 14 years. Haematemesis : Present. Previous diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 65. Total acidity : 65. Pree acid (as HCl) : 0-17. Giinzberg’s reaction : Positive. 
Duration : 2 years. Haematemesis : 2 years ago. Previous diagnosis : Carcinoma of 
stomach. Pinal diagnosis : Gastric ulcer. 

Case 76. Total acidity: 42. Pree acid (as HCl) : Oil. Gunzberg’s reaction : Positive. 
Duration : 6 years. Haematemesis : Absent. Previous diagnosis : Dilated stomach. 
Pinal diagnosis ; Gastric ulcer ; dilated stomach. 

Case 86. Total acidity: 55. Pree acid (as HCl) : 044. Gunzberg’s reaction : Positive. 
Duration: 9 months. Haematemesis : Present. Previous diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 90. Total acidity : 79. Pree acid (as HCl) : O-IV. Giinzberg’s reaction : Positive. 
Duration ; 8 years. Haematemesis ; Present. Previous diagnosis : Dilated stomach ; 
gastric ulcer. Pinal diagnosis : Gastric ulcer. 

Case 115. Total acidity: 56. Pree acid (as HCl) : 0-15. Gunzberg’s reaction ; Positive. 
Duration: 34 year's. Haematemesis: Absent. Previous diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 118. Total acidity: 63. Pree acid (as HCl) : 0-14. Gunzberg’s reaction : Positive. 
Duration : 20 years. Haematemesis : Present. Pre'vious diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 139. Total acidity: 63. Pree acid (as HCl) : Od 6. Gunzberg’s reaction : Positive. 
Duration: 2 year's. Haematemesis: Present. Pre'vious diagnosis ; Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 140. Totalacidity: 46. Pree acid (as HCl): 0-10. Gunzberg’s reaction : Positive. 
Duration : 5 years. Haematemesis ; Present. Pre'vious diagnosis : Gastric ulcer. Pinal 
diagnosis ; Gastric ulcer. 

Case 144. Totalacidity: 52. Pree acid (as HCl) ; 0-11. Gunzberg’s reaction : Positive. 
Duration : 6 months. Haematemesis : Present. Previous diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 146. Totalacidity: 67. Pree acid (as HCl) : 0-11. Gunzberg’s reaction ; Positive. 
Dimation : 2 years. Haematemesis : Present. Pro-vious diagnosis ; Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 147. Total acidity : 95. Pree acid (as HCl) : 0-23. Gunzberg’s reaction : Positive. 
Duration : 2 years. Haematemesis : Absent. Pre'vious diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer ; dilated stomach. 

Case 153. Totalacidity: 47, Pree acid (as HCl) : O-OS. Gunzberg’s reaction : Positive. 
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Duration : 2 -weeks. Haematemesis : Absent. Pre-cious diagnosis : Gastric ulcer, Pinal 
diagnosis : Gastric ulcer. 

Case loo. Total acidity : 96. Free acid (as HCl); 0-22. Gunzberg’s reaction: Positive. 
Duration : 10 years. Haematemesis : Present. Previous diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 156. Total acidity: 64. Pree acid (as HCl): 0-13. Gunzberg’s reaction : Positive. 
Duration : 1 -week. Haematemesis : ?. Pre-vious diagnosis : Gastric ulcer. Pinal diag- 
nosis ; Gastric ulcer. 

Case 161. Total acidity: 65. Pree acid (as HCl) : 0-15. Gunzberg's reaction : Positive. 
Duration : 2 weeks. Haematemesis : Present. Pre-vious diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 166. Total acidity: 56. Pree acid (as HCl) : O-OS. Gunzberg’s reaction : Positive. 
Duration : 8 years. Haematemesis : Present. Pre-vio-us diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 189. Total acidity : 52. Pree acid (as HCl) : 0-10. Gunzberg’s reaction : Positive. 
Duration : 6 years. Haematemesis : Present. Previous diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 191. Total acidity: 49. Pree acid (as HCl) : 0-09. Gunzberg’s reaction: Positive. 
Duration : 3 years. Haematemesis : Present. Previous diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 200. Total acidity : 27. Pree acid (as HCl) : 0-06. Gunzberg’s reaction : Positive. 
Duration : 4 years. Haematemesis : Absent. Pre-vious diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 202. Total acidity : 48. Pree acid (as HCl) : 0-10. Gunzberg’s reaction : Positive. 
Duration : 1 year. Haematemesis : Present. Previous diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case229. Total acidity : 69. Pree acid (as HCl): 0-15. Gunzberg’s reaction : Positive. 
Duration ; 6 years. Haematemesis : Slight. Pre-vious diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 237. Total acidity : 05. Pree acid (as HCl): 0-15. Gunzberg’s reaction : Positive. 
Dimation : 3 months. Haematemesis : Present. Previous diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 245. Total acidity : 55, Pree acid (as HCl) : 0-09. Gunzberg’s reaction : Positive. 
Duration : 10 years. Haematemesis : 10 years ago. Pre-vious diagnosis : Gastric ulcer. 
Pinal diagmosis : Gastric ulcer ; dilated stomach. 

Case 246. Total acidity : 55. Pree acid (as HCl) : O-OO. Gunzberg’s reaction : Positive. 
Duration : 18 years. Haematemesis : Present. Previous diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 254. Total acidity : 77. Pree acid (as HCl) : 0-18. Gunzberg’s reaction : Positive. 
Duration : l-J- years. Haematemesis : Absent. Previous diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 

Case 265. Total acidity : 5-5. 1 ^- 6630^(05 HCl): 0-11. Gunzberg’s reaction : Positive. 
Duration: 15 years. Haematemesis: Absent. Pre-vious diagnosis: Gastric ulcer; carci- 
noma of stomach. Pinal diagnosis : Gastric ulcer. 

Case270. Total acidity : 52. Preeacid(as HCl): 0-12. Gunzberg’s reaction : Positive. 
Duration: 5years. Haematemesis: Present. Pre-vious diagnosis : Gastritis. Pinal diag- 
nosis : Gastric ulcer. 

Case2SS. Total acidity: 20. Pree acid (as HCl) : Absent. Gunzberg’s reaction : Nega- 
tive. Duration : 14 years. Haematemesis : Present. Previous diagnosis : Gastric ulcer. 
Pinal diagnosis : Gastric ulcer. 

Case 290. Total acidity: 46. Pree acid tas HCl) : 0-09. Gunzberg’s reaction : Positive. 
Duration : 10 years. Haematemesis : Absent. Pre-vious diagnosis : ?. Pinal diagnosis : 
G.astric ulcer. 

CaEe302. Total acidity : 78. Pree acid (as HCl): 0-25. Giinzborg’s reaction : Positive. 
Duration : 14 years. Haematemesis : Present. Previous diagnosis : Gastric ulcer. Pinal 
diagnosis : Gastric ulcer. 
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Case 316. Total acidity : 68. Pree acid (as HCl) : 0'14. Giinzlierg's reaction: Positive. 
Duration: 2 years. Haematemesis : Absent. Previous diagnosis: Gastric ulcei'. Pinal 
diagnosis : Gastric ulcer. 

Case 321. Total acidity: 59. Pree acid (as HCl) : 0-15. Qiinzberg’s reaction’: Positive. 
Duration : 1 year’. Haematemesis : Present. Previous diagnosis : Gastric ulcei'. Pinal 
•diagnosis : Gastric ulcer. 

Case 1142. Total acidity : 73. Pree acid (as HCl) : 0'21. Giinzberg’s reaction : Positive. 
.Duratiom: 4 years. Haematemesis : Present. Previous diagnosis : Gastric ulcer. Pinal 
■diagnosisl: Gastric ulcer. 

CaseSM. Total acidity : 61. Pree acid (as HCl) : 0-10. Giinzberg’s reaction : Positive. 
Diu:ation:\4 years. Haematemesis: Present. Previous diagnosis : Gastric ulcer. Pinal 
diagnosis :\Gastrio ulcer. 

Case 35 L Total acidity : 65. Pree acid (as HCl): 045. Giinzberg’s reaction : Positive. 
JDuration : U years. Haematemesis : Absent. Previous diagnosis : Dilated stomach. 
-Pinal diagnosis : Pyloric obstruction ; gastric ulcer. 


T|vble III A. Duodenal Ulcer. Cases operated upon. 

Case 24. Sex M. Total acidity : 71. Pree acid (as HCl) : 042. Giinzberg’s reaction: 
’Positive. Duration : 1 year. Melaena : Absent. Haematemesis : Absent. Previous 
'diagnosis : Duodenal ulcer. Pinal diagnosis : Duodenal ulcer. Active ulcer : Present. 
•Site of ulcer : First part. 

Case 29. Sex F. Total acidity : 69. Pree acid (as HCl) : 049. Giinzberg’s reaction : 
Positive. Dimation: 19 years. Melaena: Absent. Haematemesis: Absent. Pre'vious 
diagnosis : Gastric ulcer. Pinal diagnosis : Duodenal ulcer. Active ulcer : Present. 
•Site of ulcer : First part. 

Case 30. Sex M. Total acidity : 78. Pree acid (as HCl) : 0-20. Giinzberg’s reaction : 
Positive. Duration : " 2 J years. Melaena: Absent. Haematemesis: Absent. Previous 
diagnosis : Carcinoma of stomach. Pinal diagnosis : Duodenal ulcer ; adhesions to gall 
bladder. Active ulcer : Present. Site of ulcer : First part. 

Case 69. Sex M. Total acidity : 86. Pree acid (as HCl) : 044. Gunzberg’s reaction: 
Positive. Duration : 9 months. Melaena : ?. Haematemesis : Absent. Previous diag- 
nosis : Carcinoma of stomach. Pinal diagnosis : Duodenal ulcer. 

Case 113. Sex M. Total acidity: 72. Pree acid (as HCl): 0-20. Giinzborg’s re- 
action : Positive. Diu-ation : 3 years. Melaena : Absent. Haematemesis : Absent. 
Previous diagnosis : Duodenal ulcer. Pinal diagnosis : Duodenal ulcer. 

Case 114. Sex M. Total acidity: 96. Pree acid (as HCl): 0-27. Gunzberg’s re- 
action : Positive. Duration : 10 years. Melaena : Absent. Haematemesis : Absent. 
Previous diagnosis: Duodenal ulcer. Pinal diagnosis ; Duodenal ulcer. Soar: Present. 
Site of ulcer : First part. 

Case 133. Sex If. Total acidity: 62. Pree acid (as HCl): 044. Gunzborg’s re- 
action: Positive. Duration: 2 months. Melaena: Absent. Haematemesis: Present. 
Pre'vious diagnosis : Gastric disease. Pinal diagnosis : Duodenal ulcer. 

Case 107. Sex M. Total acidity : 72. Pree acid (as HCl) : 0-20. Gunzborg’s re- 
action : Positive. Duration : 6 months. Haematemesis : Present. Previous diagnosis : 
Carcinoma of stomach. Pinal diagnosis : Duodenal ulcer. Site of ulcer : First part. 

Case 173. Sex M. Total acidity: 51. Pree acid (as HCl): 040. Gunzbei-g’s re- 
action : Positive. Duration : 3 years. Haematemesis : Present. Previous diagnosis : 
Carcinoma of stomach. Pinal diagnosis : Duodenal ulcer. 

Case 174. Sex M. Total acidity : 60. Pree acid (as HCl) : 040. Giinzberg’s re- 
action : Positive. Duration : 6 years. Melaena : Absent. Haematemesis : .Absent. 
Previous diagnosis : Dilated stomach. Pinal diagnosis : Duodenal ulcer. 

Case 218. Sex M. Total acidity: 83. Pree acid (.as HCl): 0-20. Gunzberg’s re- 
action: Positive. Duration: 2 years. Melaena: Absent. Haematemesis : Present. 
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Previous diagnosis: Duodenal ulcer. Pinal diagnosis: Duodenal ulcer. Active ulcer: 
Present. Site of ulcer r First part. 

Case 220. Sex M. Total acidity : 43. Free acid (as HCl) : 0-08. Giinzberg’s re- 
action : Positive. Duration : 7 years. Melaena : Absent. Haematemesis : Absent. 

Previous diagnosis : Duodenal ulcer. Pinal diagnosis : Duodenal ulcer. Scar : Present. 

Case 224. Sex M. Total acidity : 65. Pree acid (as HCl) : 0-16. Giinzberg’s re- 
action : Positive. Duration : 7 j’ears. Haematemesis : Present. Previous diagnosis : 

Duodenal ulcer. Pinal diagnosis : Duodenal ulcer. Scar : Present. Site of ulcer : First part. 

Case 257. Sex M. Total acidity: 73. Pree acid (as HCl): 0.21. Giinzberg’s re- 
action: Positive. Duration: 2 years. Melaena: Absent. Haematemesis: Absent. 

Previous diagnosis : Pyloric obstruction. Pinal diagnosis : Duodenal nicer, first and second 
part. Site of ulcer : First and second part. 

Case 292. Sex M. Total acidity; 53. Pree acid (as HCl): 042. Giinzberg’s re- 

action: Positive. Duration; 10 months. Melaena; Absent. Haematemesis; Absent. 
Previous diagnosis : Duodenal ulcer. Pinal diagnosis : Duodenal ulcer. 

Case 293. Sex M. Total acidity ; 77. Pree acid (as HCl) : O-IS. Giinzberg’s re- 
action : Positive. Duration : 9 months. Melaena : Present. Haematemesis : Absent. 

Previous diagnosis ; Carcinoma of stomach. Pinal diagnosis : Duodenal ulcer and gastric 
ulcer. 

Case 299. Sex M. Total acidity ; 52. Pree acid (as HCl) : 0.13. Gunzberg’s re- 
action : Positive. Duration ; 24 years. Melaena ; Absent. Haematemesis : Absent. 

Previous diagnosis ; Duodenal ulcer. Pinal diagnosis : Duodenal ulcer ; dilated stomach. 

Case 307. Sex M. Total acidity: 72. Pree acid (as HCl): 040. Giinzberg’s re- 
action: Trace. Duration: 10 years. Melaena: Absent. Haematemesis: Absent. Pre- 
vious diagnosis: Gastric ulcer. Pinal diagnosis: Duodenal ulcer. Site of ulcer: 
Second part. 

Case 327. Sex M. Total acidity : 03. Pree acid (as HCl) : 045. Gunzberg’s re- 
action : Positive. Duration : 4 years. Melaena : Absent. Haematemesis : Absent. 
Previous diagnosis : Duodenal idcer. Pinal diagnosis : Duodenal ulcer. Site of ulcer : 
First part. 

Case 366, Sox M, Total acidity : 28. Pree acid (as HCl) : O-OS. Gunzberg’s re- 
action : Negative. Duration : 5 years. Meldena : Absent. Haematemesis ; Absent. 

Previous diagnosis : Dilated stomach. Pinal diagnosis : Duodenal ulcer ; dilated stomach. 
Soar: Present. Site of \ilcer : First part. 

Case 370. Sex Total acidity: 105. Pree acid (as HCl): 0-30. Giinzberg's re- 
action : Positive. Duration : 10 j’ears. Melaena : Absent. Haematemesis : Absent. 
Previous diagnosis : Duodenal nicer. Pinal diagnosis : Duodenal ulcer. Active ulcer : 
Present. Site of ulcer : First part. 

Table III b. Duodenal Ulcer. Cases not operated upon. 

Case 43. Sex F. Total acidity : 41. Pree acid (as HCl) : 0-08. Gunzberg’s reaction : 
Positive. Melaena : Present. Duration : 12 years. Previous diagnosis : Duodenal ulcer. 
Pinal diagnosis : Duodenal ulcer. 

Case 85. Sex 51. Total acidity : 43. Pree acid (as HCl) : 049. Gunzberg’s reaction : 
Positive. Melaena : Present. Duration : 14 years. Previous diagnosis : Duodenal ulcer. 
Pinal diagnosis ; Duodenal ulcer. 

Case 149. Sex 51. Total acidity : 56. Pree acid (as HCl) : 043. Gunzberg’s re- 
action : Positive. Melaena : Absent. Haematemesis : Absent. Duration : 5 years. 

Previous diagnosis : Carcinoma of stomach. Pinal diagnosis : Duodenal ulcer. 

Case 158. Sex 51. Total acidity: 68. Pree acid (as HCl): 046. Gunzberg’s re- 
action : Positive. Melaena : Absent. Haematemesis : Absent. Duration : 5 years. 

Previous diagnosis: Carcinoma of stomach. Pinal diagnosis : Chronic duodenal ulcer. 

Case 163. Sox 51. Total acidity: 76. Pree acid (as HCl): 048. Gunzberg’s re- 
action : Positive. Melaena : Absent. Haematemesis : Absent. Duration : 2 years. 

Previous diagnosis : Duodenal ulcer. Pinal diagnosis : Duodenal ulcer. 



ON THE ANALYSIS OF GASTRIC CONTENTS 


465 


Case 243. Sex M. Total acidity: 93. Free acid (as HCl): 0-30. Giinzberg’s re- 
action : Positive. Melaena : Absent. Duration : 7 j^ears. Previous diagnosis : Duodenal 
ulcer. Pinal diagnosis : ^Chronic duodenal ulcer ; stenosis of pylorus. 

Case 247, Sex P. Total acidity : 70. Free acid (as HCl) : 0-15. Gunzberg’s re- 
action : Positive. Melaena : Absent. Duration : 6 years. Previous diagnosis : Carcinoma 
of stomach. ' Pinal diagnosis ; Duodenal ulcer. 

Case 255. Sex M. Total acidity : 72. Free acid (as HCl) : 048. Gunzberg’s re- 

action: Positive. Melaena: Present. Duration: lj 3 mars. Previous diagnosis : Duodenal 
ulcer. Pinal diagnosis : Duodenal ulcer. 

Case 306. Sex M. Total acidity: 88. Free acid (as HCl): 0-19. Qiinzberg’s re- 
action ; Positive. Melaena : Present. Duration : 2 years. Previous diagnosis : Duodenal 
ulcer. Pinal diagnosis : Duodenal ulcer. 

Case 319. Sex M. Total acidity : (1) 50, (2) 56. Free acid (as HCl) : (1) 0-23, (2) 0-14. 
Gunzberg’s reaction : (1, 2) Positive. Melaena: Present. Duration: 20 years. Previous 
diagnosis: Duodenal ulcer. Pinal diaggiosis : Duodenal ulcer. 

Case 320. Sex M. Total acidity: 62. Free acid (as HCl): 0-13. Gunzberg’s re- 

action : Positive. Melaena : Absent. Duration : 12 years. Previous diagnosis : Gastric 
ulcer. Pinal diagnosis : Duodenal ulcer. 

Case 324. Sex M. Total acidity: 72. Free acid (as HCl): 0-19. Giinzberg's re- 

action : Positive. Melaena : Absent. Duration : 20 years. Previous diagnosis ; Duodenal 
ulcer. Pinal diagnosis : Duodenal ulcer. 

Case 340. Sex M. Total acidity : 65. Free acid (as HCl) : 044. Giinzberg’s re- 

action : Positive. Melaena : Absent. Duration : 2 years. Previous diagnosis : Carcinoma 
of stomach. Pinal diagnosis : Duodenal ulcer. 

Case 353. Sex M. Total acidity : (1) 82, (2) 72. Free acid (as HCl) : (1) 0-23, (2) 048. 
Gunzberg’s reaction : (1, 2) Positive. Melaena : Absent. Duration : 20 years. Previous 
diagnosis : Duodenal ulcer. Pinal diagnosis : Duodenal ulcer. 

Case 360. Sex M. Total acidity : 87. Free acid (as HCl) : 0'22. Giinzberg’s re- 

action: Positive. Melaena: Absent. Duration : 8 months. Previous diagnosis : Duodenal 
ulcer. Pinal diagnosis ; Duodenal ulcer. 


Table IV. Ot/ier Gastric Gases. Not operated up)on. 

Case 2. Total acidity : 30. Free acid (as HCl) : 0-06. Gunzberg’s reaction : Positive: 
Duration : 3 years. Previous diagnosis : Gastric ulcer. Final diagnosis : Dyspepsia. 

Case 7. Total acidity : 8. Free acid (as HCl) : Absent. Gunzberg’s reaction : Negative. 
Duration : 4 years. Previous diagnosis : Enteroi)tosis. Pinal diagnosis : Achjdia gastrica. 

Case 8. Total acidity : 60. Free acid (as HCl) : 040. Giinzberg’s reaction : Positive. 
Duration : 6 months. Previous diagnosis : ?. Final diagnosis : Neurotic vomiting. 

Case 11. Total acidity: 23. Free acid (as HCl) : 0-04. Giinzberg’s reaction : Nega- 
tive. Duration: 3 months. Previous diagnosis: Dj-spepsia. Pinal diagnosis : Anaemia 
and dyspepsia. 

Case 12. Total acidity : 85. Free acid (as HCl) : 0-21. Giinzberg’s reaction : Posi- 
tive. Duration : 7 jmars. Previous diagnosis : Hyperchlorhydria. Final diagnosis : 
Hyperchlorhj'dria. 

Case 13. Total acidity : 66. Free acid (as HCl) ; 047. Giinzberg’s reaction : Posi- 
tive. Duration : 2 weeks. Previous diagnosis : Dilated stomach. Pinal diagnosis : 
Hj'perchlorhydria. 

Case 22. Total acidity : 41. Free acid (as HCl) : 0-04. Gunzberg's reaction : 

Negative. Duration : 1 j’ear. Previous diagnosis : Atony of stomach. Final diagnosis : 
Dilated stomach. 

Case 34. Total acidity: 62. Free acid (as HCl): 042. Gunzberg’s inaction; 

Positive. Duration : 3 years. Previous diagnosis ; Carcinoma of stomach. Final diag- 
nosis : Alcoholic gastritis. 

Case 35. Total acidity : 71. Free acid (as HCl): 045, Gunzberg’s reaction ; 
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Positive. Duration : 9 months. Previous diagnosis ; Carcinoma of stomach. Pinal diag- 
nosis: Dyspepsia, 

Case 44. Total acidity : 45. Pree acid (as HCl) : 0'12. Giinzberg’s reaction : 

Positive. Duration : 2 years. Previous diagnosis : Duodenal ulcer. Pinal diagnosis : 
Gastritis. 

Case 45. Total acidity : 12. Pree acid (as HCl) : Absent. Giinzberg’s reaction : 
Negative. Duration: 1 year. Previous diagnosis : Carcinoma of stomach. Pinal diagnosis : 
Chronic alcoholic gastritis. 

Case 4G. Total acidity : 9. Pree acid (as HCl) : Absent. Giinzberg’s reaction : 
Negative. Duration: 3 months. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Chronic alcoholic gastritis. 

Case 54. Total acidity : 56. Pree acid (as HCl) : 0-14. Giinzberg’s reaction : 

Positive. Duration : 6 months. Previous diagnosis : Hyperchlorhydria. Pinal diagnosis : 

Gastralgia. 

Case 67. Total acidity: 66. Pree acid (as HCl): 0-lS. Giinzberg’s reaction: 

Positive. Duration : 1 week. Previous diagnosis : Dyspepsia. Pinal diagnosis : Acute 
gastritis. 

Case 68. Total acidity : 114. Pree acid (as HCl) : 0-30. Giinzberg’s reaction: Posi- 
tive. Duration: 4 years. Previous diagnosis : ?. Pinal diagnosis : Hyperchlorhydria. 

Case 79. Total acidity : 28. Pree acid (as HCl) : O-Ol. Giinzberg’s reaction ; Nega- 
tive. Duration : 5 months. Previous diagnosis : Carcinoma of stomach. Pinal diagnosis : 
Gastritis. 

Case 80. Total acidity : 60. Pree acid (as HCl) : 0-20. Gunzberg’s reaction : Posi- 
tive. Duration : 2 weeks. Previous diagnosis : ?. Pinal diagnosis : Acute gastritis. 

Case 83. Total acidity : 60. Pree acid (as HCl) : 0‘13. Gunzberg’s reaction : Posi- 
tive. Duration : 9 years. Previous diagnosis : Gastric ulcer. Pinal diagnosis : Gastritis. 

Case 92. Total acidity : 30. Pree acid (as HCl) : 0-02. Gunzberg’s reaction : Nega- 
tive. Dimation : 6 years. Previous diagnosis : Carcinoma of stomach. Pinal diagnosis : 
Chronic gastritis (edentulous). 

Case 93. Total acidity : 20. Pree acid (as HCl) : 0-04. Gunzberg’s reaction : Nega- 
tive. Duration: 12 years. Previous diagnosis: Chronic gastritiB. Pinal diagnosis: 
Chronic gastritis. 

Case 95. Total acidity: 16. Pree acid (as HCl): Absent. Gunzberg’s reaction: 
Negative. Dmation : 5 years. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Chronic alcoholic gastritis. 

Case 98. Total acidity : 43. Pree acid (as HCl) : 041. Gunzberg’s reaction : Posi- 
tive. Duration : 6 years. Previous diagnosis : Gastric ulcer. Pinal diagnosis : Gastritis. 

Case 104. Total acidity : 77. Pree acid (as HCl) : 0-24. Gunzberg’s reaction : Posi- 
tive. Duration : 1 year. Previous diagnosis : Carcinoma of stomach. Pinal diagnosis : 
Hyiierchlorhydria. 

Case 105. Total acidity : 85. Pree acid (as HCl) : 0-27. Gunzberg’s reaction : Posi- 
tive. Duration : 2 weeks. Previous diagnosis : Gastric ulcer. Pinal diagnosis : Hyper- 
chlorhj’dria. 

Case 106. Total acidity: 51. Pree acid (as HCl) : 0-12. Gunzberg’s reaction : Posi- 
tive. Duration : 2 years. Previous diagnosis: Carcinoma of stomach. Pinal diagnosis : 
Gastralgia. 

Case 116. Total acidity : 21. Pree acid (as HCl) : 0-01. Gunzberg’s reaction : Nega- 
tive. Duration : G months. Previous diagnosis : Chronic gastritis. Pinal diagnosis : 
Alcoholic gastritis. 

Case 142. Total acidity : 43. Pree acid (as HCl) : Absent. Giinzberg’s reaction : 
Negative. Duration: 4 years. Previous diagnosis: Dilated stomach. Pinal diagnosis : 
Dilated stomach. 

Case 143. Total acidity: 11. Pree acid (as HCl): Absent. Giinzberg’s reaction: 
Negative. Duration: 5 weeks. Previous diagnosis: HCl poisoning. Pinal diagnosis: 
HCl poisoning. 

Case 151. Total acidity : (1) 19, (2)43. Pree acid (as HCl) : (1, 2) Absent. Gunzborg’s 
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reaction: (1, 2) Negative. Duration: 5 months. Previous diagnosis: Gastric ulcer. 
Pinal diagnosis : Gastritis. 

Case 157. Total acidity: 13. Pree acid (as HCl): Absent. Giinzberg’s reaction: 
Negative. Duration: 5 years. Previous diagnosis : Hyperchlorhydria. Pinal diagnosis : 
Chronic alcoholic gastritis (edentulous). 

Case 159. Total acidity : 44. Pree acid (as HCl) : 0-12. Qiinzberg’s reaction : 

Positive. Duration : 5 years. Previous diagnosis : Persistent vomiting. Pinal diagnosis : 
Dilated stomach. 

Case 162. Total acidity: 77. Free acid (as HCl): 0-24. Giinzberg’s reaction: 
Positive. Duration : 3 years. Previous diagnosis : Gastric ulcer. Pinal diagnosis : 
Hyperchlorhydria. 

Case 164. Total acidity: 46, Pree acid (as HCl): Trace, Gunzberg’s reaction: 
Negative. Duration : 10 years. Previous diagnosis : Dilated stomach. Pinal diagnosis : 
Dilated stomach. 

Case 165. Total acidity: 37. Pree acid (as HCl): 0-07. Gunzberg’s reaction: 

Positive. Duration: 7 months. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Chronic gastritis. 

Case 187. Total acidity : 84. Pree acid (as HCl) : 0d7. Giinzberg’s reaction : 
Positive. Duration : 7 yeai-s. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Hyperchlorhydria. 

Case 188. Total acidity : 45. Pree acid (as HCl) : 0-10. Gunzberg’s reaction : 

Positive. Duration : 14 years. Previous diagnosis : Edentulous dyspepsia. Pinal diag- 
nosis : Chronic gastritis (edentulous). 

Case 192. Total acidity : 50. Free acid (as HCl) : Absent. Gunzberg’s reaction : 
Negative. Duration : 11 years. Previous diagnosis : Chronic gastritis. Pinal diagnosis : 
Chronic gastritis. 

Case 197, Total acidity: (1) 45, (2) 40. Free acid (as HCl) : (1) Absent, (2) 0-05. 
Gunzberg’s reaction: (1, 2) Negative. Duration: 3 years. Previous diagnosis: Gastric 
ulcer. Pinal diagnosis : Chronic gastritis. 

Case 204. Total acidity: 46. Pree acid (as HCl): 0-12. Gunzberg’s reaction: 

Positive. Duration: 3 months. Previous diagnosis: Gastric ulcer. Pinal diagnosis: 
Gastralgia. 

Case 219. Total acidity: 38. Pree acid (as HCl): 0-07. Gunzberg’s reaction: 

Positive. Duration: 14 years. Previous diagnosis : Gastritis. Pinal diagnosis: Chronic 
gastritis. 

Case 223. Total acidity: 44. Pree acid (as HCl): O-IO. Giinzborg’s reaction: 

Positive. Duration : 4 years. Previous diagnosis : Gastritis. Pinal diagnosis : Chronic 
gastritis. 

Case 226. Total acidity: 78, Free acid (as HCl); 0'20. Gunzborg’s reaction: 

Positive. Duration : 3 years. Previous diagnosis : Gastritis. Final diagnosis : Hyper- 
chlorhydria. 

Case 236. Total acidity: 61. Pree acid (as HCl): 0-13. Giinzberg's reaction : Posi- 
tive. Duration : 4 yeai-s. Previous diagnosis : Hyperchlorhydria. Pinal diagnosis ; 
Gastralgia. 

Case 240. Total acidity : 58. Pree acid fas HCl) : 0-14. Gunzberg’s reaction ; Posi- 
tive. Duration ; 14 years. Previous diagnosis : Carcinoma of stomach. Final diagnosis : 
Edentulous dysnepsia. 

Case 242. Total acidity : 36. Free acid (as HCl) : 0-07. Gunzberg’s reaction : Posi- 
tive. Duration : 6 years. Previous diagnosis : Gastric ulcer. Pinal diagnosis : Chronic 
gastritis. 

Case 247. Total acidity: 23. Pree acid (as HCl): 0-05. Gunzborg’s reaction; 
Negative. Duration : 6 months. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Edentulous dyspepsia. 

Case 249. Total acidity : 44. Pree acid (as HCl) : O-IO. Gunzberg's reaction : Posi- 
tive. Duration: 8 years. Previous diagnosis : Gastric ulcer. Pinal diagnosis : Gastralgia. 
Case 250. Total acidity: 46. Free acid (as HCl): 0-09, Gunzberg’s reaction: 
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Positive. Duration : 20 years. Previous diagnosis : Carcinoma of stomacli. Pinal diag- 
nosis : Gastritis. 

Case 2 . 51 . Total acidity : 47. Pree acid (as HCl) : O-OT. Giinzberg’s reaction : 
Positive. Duration : 4 years. Previous diagnosis : Acid dyspepsia. Pinal diagnosis : 
Gastralgia. 

Case 262. Total acidity : 64. Pree acid (as HCl) : 0-15. Giinzberg’s reaction : 
Positive. Duration : 9 months. Previous diagnosis : Duodenal ulcer. Pinal diagnosis : 
Giastritis. 

Case 271. Total acidity : 89. Pree acid (as HCl) : 0-22. Giinzberg’s reaction ; Posi- 
tive. Duration: 1 year. Previous diagnosis: Gastric ulcer. Pinal diagnosis: Hyper- 
clilorliydria. 

Case 286. Total acidity: 22. Pree acid (as HCl): Absent. Giinzberg's reaction: 
Negative. Duration : 7 years. Previous diagnosis : Achylia gastrica. Pinal diagnosis : 
Achylia gastrica. 

Case 304. Total acidity : 14. Pres acid (as HCl) : Absent. Giinzberg’s reaction : 
Negative. Duration : 7 months. Previous diagnosis : Gastritis. Pinal diagnosis : Chronic 
gastritis (edentulous). 

Case 305. Total acidity: 113. Pree acid (as HCl): 0-365. Giinzberg’s reaction: 
Positive. Duration : Many years. Previous diagnosis : Dyspepsia. Pinal diagnosis : 
Hyperchlorhydria. 

Case 325. Total acidity : 16. Pree acid (as HCl) : Absent. Giinzberg’s reaction : 
Negative. Duration: 3 vreeks. Previous diagnosis; HCl poisoning. Pinal diagnosis: 
HCl poisoning. 

Case 329. Total acidity: 37. Pree acid (as HCl): 0-08. Giinzberg’s reaction: 

Positive. Duration : 2 years. Previous diagnosis : Gastric ulcer. Pinal diagnosis : 

Gastritis (edentulous). 

Case 333. Total acidity : 94. Pree acid (as HCl) : 0-27. Giinzberg’s reaction : 
Positive. Duration : 6 -weeks. Previous diagnosis : Gastric ulcer. Pinal diagnosis : 
Hyperchlorhydria. 

Case 337. Total acidity: 79. Pree acid (as HCl); 0-17. Giinzberg’s reaction : Posi- 
tive. Duration: Many years. Previous diagnosis : ?. Pinal diagnosis : Hyperchlorh 3 ’'dria. 

Case 339. Total acidity : 54. Pree acid (as HCl) : 0-08. Giinzberg’s reaction : 

Positive. Duration : 2 yearn. Pre-vious diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Gastralgia. 

Case 341. Total acidity: 68. Pree acid (as HCl)': 0-14. Giinzberg’s reaction: 

Positive. Duration : 7 months. Present diagnosis : Achylia gastrica. Pinal diagnosis : 
Gastralgia. 

Case 349. Total acidity : 49. Pree acid (as HCl) : Absent. Gunzberg’s reaction : 
Negative. Duration : 2 -weeks. Present diagnosis : Gastro-enteritis. Pinal diagnosis : 
Gastro-enteritis. 

Case 355. Total acidity : 79. Pree acid (as HCl) : 0-19. Gunzberg’s reaction : 
Positive. Duration : 4 months. Pre-vious diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Hyperchlorhydria. 


Table V. Various Conditions. Cases operated iipon. 

Case 1. Total ajidity : 46. Pree acid (as HCl) : 0-10. Gunzberg’s reaction : Positive. 
Duration: 5 years. Pre-vio-us diagnosis : Carcinoma of stomach. Pinal diagnosis : Gastro- 
ptosis. 

Case 19. Total acidity: 10. Pree acid (as HCl): Absent. Gunzberg’s reaction: 
Negative. Duration : 6 -iveeks. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Gall-stones. 

Ca.'e 23. Total acidity: 73. Pree acid (as IICl): 0-16. Giinzberg's reaction: 
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Positive. Duration : 1 year. Previous diagnosis : Carcinoma of stomach. Pinal diagnosis 
Gall-stones. 

Case 31. Total acidity; 32. Pree acid (as HCl): 0-04. Giinzberg’s reaction: 

Negative. Duration : 44 months. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis ; Nothing found. 

Case 52. Total acidity: 37. Pree acid (as HCI) : OdO. Giinzberg's reaction: 

Positive, Duration : 4 months. ; Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Carcinoma of splenic flexure. 

Case 56. Total acidity : 61. Pree acid (as HCl) : 0-14. Gunzberg’s reaction : 
Positive. Duration: 15 months. Previous diagnosis ; Carcinoma of rectum. Pinal diag- 
nosis : Carcinoma of rectum. 

Case 61. Total acidity: 55. Pree acid (as HCl): 0d4. Gunzberg’s reaction: 

Positive. Duration: 9 months. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Nothing found. 

Case 71. Total acidity: 5. Pree acid (as HOI): Absent. Gunzberg’s reaction: 
Negative. Duration : 2 months. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Trichiniasis. 

Case 72, Total acidity: 40. Pree acid (as HCl): OdO. Gunzberg’s reaction: 

Positive. Duration : 3 years. Previous diagnosis : Gastric disease. Pinal diagnosis : 
Long transverse colon. 

Case 75. Total acidity: 34. Pree acid (as HCl): 0'07. Gunzberg’s reaction: 

Positive. Duration : 12 years. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis: Gall-stones. 

Case -78. Total acidity ; 53. Pree acid (as HCl) : Absent. Gunzberg’s reaction ; 
Negative. Duration: Some years. Previous diagnosis; Carcinoma of stomach. Pinal 
diagnosis : Chronic pancreatitis. 

Case 82. Total acidity : 76. Pree acid (as HCl) : 0-21. Gunzberg’s reaction : Positive. 
Duration : Years. Previous diagnosis : Gastroptosis. Pinal diagnosis : Gastroptosis. 

Case 99. Total acidity : 83. Pree acid (as HCl) ; 0-24. Gunzberg’s reaction : 

Positive. Duration: 5 rveehs. Previous diagnosis: Carcinoma of stomach. Pinal diag- 
nosis : Carcinoma of sigmoid. 

Case 100. Total acidity; 4. Pree acid (as HCl): Absent. Gunzberg’s reaction: 
Negative. Duration: 4 years. Previous diagnosis : Gastric ulcer. Pinal diagnosis: 
Chronic peritonitis. 

Case 108. Total acidity : 36. Pree acid (as HCl) : 0’05. Gunzberg’s reaction ; 
Positive. Duration ; 3 months. Previous diagnosis : Carcinoma of stomach. Final diag- 
nosis : Gall-stones. 

Case 109. Total acidity : 23. Pree acid (as HCl) : 0-05. Qunzberg’s reaction : 
Negative. Previous diagnosis ; Gastric ulcer. Pinal diagnosis : Gastroptosis. 

Case 1 12. Total acidity : 49. Pree acid (as HCl) : 0'15. Gunzberg’s reaction : 
Positive. Duration : 5 years. Previous diagnosis : Gastroptosis. Pinal diagnosis : 
Gastroptosis. 

Case 117. Total acidity: 36. Pree acid (as HCl): 0-09. Gunzberg’s reaction: 
Positive. Duration ; 2 months. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Nothing found. 

Case 121. Total acidity: 10. Free acid (as HCl); Absent. Gunzberg’s reaction: 
Negative. Duration : 5 months. Previous diagnosis: Carcinoma of stomach. Pinal diag- 
nosis : Pulmonary tuberculosis. 

Case 130. Total acidity; 40. Pree acid (as HCl); 0-08. Gunzberg’s reaction ; ro.=-i- 
tive- Duration ; 2 years. Pinal diagnosis : Gall-stones. 

Case 131. Total acidity; 13. Pree acid (as HCl); Absent. Giinzberg's reaction: 
Negative. Duration : 3 months. Previous diagnosis : Carcinoma of stomach, Pinal diag- 
nosis: Suppuiative cholangitis and gall-stone.®. 

Case 136. Total acidity: 48. Pree acid (as HCl); 0-10. Giinzborg's reaction : Positive. 
Duration : 1 year. Previous diagnosis : Carcinoma of stomach. Pinal diagnosis ; C.arci- 
noma of transverse colon. 



470 


QUARTERLY JOURNAL OF MEDICINE 


Case 168. Total acidity: 90. Free acid (as HCl): 0-21. Giinzberg’s reaction: 

Positive. Duration : 7 years. Previous diagnosis : Gastric ulcer. Pinal diagnosis : 

Appendicitis. 

Case 171. Total acidity: 39. Free acid (as HCl): 0-04. Gunzberg’s reaction: 

Negative. Duration: 6 months. Previous diagnosis : Carcinoma of stomach. Final diag- 
nosis : Carcinoma of transverse colon. 

Case 179. Total acidity: 50. Free acid (as HCl): 0-08. Gunzberg’s reaction: 

Positive. Duration: 7 years. Previous diagnosis: Gastric ulcer. Final diagnosis: 

Gastroptosis. 

Case 211. Total acidity: 50. Free acid (as HCl) : 041. Gunzbarg’s reaction : Posi- 
tive. Previous diagnosis : Gastric ulcer. Final diagnosis : Gall-stones. 

Case 213. Total acidity: 52. Free acid (as HCl): O-ll. Gunzberg’s reaction: 

Positive. Duration : 12 years. Previous diagnosis : Gastric ulcer. Final diag^nosis : 

Appendicitis. 

Case 277. Total acidity: 45. Free acid (as HCl): 0-08. Gunzberg’s reaction: 

Positive. Duration: 10 weeks. Previous diagnosis: Duodenal ulcer. Final diagnosis : 
Nothing found. 

Case 281. Total acidity: 57. Free acid (as HCl): 0'14. Gunzberg’s reaction: 

Positive. Duration : 2 years. Previous diagnosis : Hour-glass stomach. Final diagnosis : 
Gastroptosis. 

Case 282. Total acidity: 52. Free acid (as HCl): 0-09. Gunzberg’s reaction: 

Positive. Duration : 3 years. Previous diagnosis : Gastric ulcer. Pinal diagnosis : 

Gall-stones. 

Case 294. Total acidity : 53. Free acid (as HCl) : 0-10. Gunzberg’s reaction : 

Positive. Duration: 20 years. Previous diagnosis : Gall-stones. Final diagnosis : Gall- 
stones. 

Case 305. Total acidity: 84. Free acid (as HCl): 0-22. Gunzberg’s reaction: 

Positive. Duration : 2 years. Previous diagnosis : Gastric ulcer. Final diagnosis : 

Appendicitis. 

Case 308. Total acidity ; 42. Free acid (as HCl) : Absent. Giinzberg’s reaction : 
Negative. Duration: 6 months. Previous diagnosis : Carcinoma of i^ancreas. Final diag- 
nosis : Stenosis of bile duct. 

Case 312. Total acidity : 57. Free acid (as HCl) : 013. Gunzberg’s reaction : 

Positive. Duration : 8 months. Previous diagnosis : Gastric ulcer. Final diagnosis : 
Nothing found. 

Case 328. Total acidity: 33. Giinzberg’s reaction: Negative. Duration: 7 years. 
Previous diagnosis : Carcinoma of stomach. Final diagnosis : Carcinoma of duodeno-jojunal 
flesuro. 

Case 345. Total acidity: 53. Free acid (as HCl): 0-11. Giinzberg’s reaction: 

Positive. Previous diagnosis: Appendicular dyspepsia. Final diagnosis : Nothing found. 

Case 357. Total acidity: 66. Free acid (as HCl): 0.21. Gilnzberg’s reaction: 

Positive. Duration : 7 years. Previous diagnosis : Gastric ulcer. Final diagnosis : 
Appendicitis. 


Table VI. Varioxts Conditions. Not operated wpon. 

Case G. Total acidity': 58. Free acid (as HCl): 0’15. Gunzberg’s reaction : Positive. 
Duration : 6 months. Previous diagnosis : Carcinoma of stomach. Final diagnosis : Cir- 
rhosis of liver. 

Case 8. Total acidity : GO. Free acid (as HCl) : 0-10. Gunzberg’s reaction : Positive. 
Duration : 6 month.s. Previous diagnosis : ?. Final diagnosis : Neurotic vomiting. 

Case 10. Total acidity : 76. Free acid (as HCl) : Present. Gunzberg’s I’eaction : 
Positive. Duration : 4 months. Final diagnosis : Hnteroptosis. 

Case 11. Total acidity: 23. Free acid (as HCl) : 0-04. Gunzberg’s reaction : Nega- 
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tive. Duration : 3 months. Previous diagnosis : Dyspepsia. Pinal diagnosis ; Anaemia 
and dyspepsia. 

Case 16. Total acidity : 33. Free acid (as HCl) : 0-05. Giinzberg’s reaction ; Nega- 
tive. Previous diagnosis : Mucous colitis. Pinal diagnosis : Mucous colitis. 

Case 18. Total acidity : 36. Pree acid (as HCl) : 0-02. Giinzberg’s reaction : Nega- 
tive. Duration: 2 -weeks. Previous diagnosis: Vomiting. Pinal diagnosis: Acute 
haemonhagie nephritis. 

Case 20. Total acidity : 39. Pree acid (as HCl) : Present. Giinzberg’s reaction : 
Positive. Duration : 2 years. Previous diagnosis : Dyspepsia. Pinal diagnosis : 
Neurasthenia. 

Case 36. Total acidity ; 8. Pree acid (as HCl) : Absent. Giinzberg’s reaction : 
Negative. Duration : 4 years 2 weeks. Pre-vious diagnosis : Pernicious anaemia. Pinal 
diagnosis : Pernicious anaemia. 

Case 38. Total acidity : 48. Pree acid (as HCl) : 0-13. Gunzberg’s reaction : Positive. 
Duration : 5 yearn. Pre-vious diagnosis : ? . Pinal dia^osis : Nil (malingerer). 

Case 41. Total acidity : 44. Pree acid (as HCl) : 0-04. Gunzberg’s reaction: Negative. 
Duration : 7 months. Previous diagnosis : Carcinoma of oesophagus. Pinal diagnosis : 
Functional. 

Case 49. Total acidity : 65. Pree acid (as HCl) : 0-15. Gunzberg’s reaction : Positive. 
Dimation : 15 years. Previous diagnosis : Neurasthenia. Pinal diagnosis : Neurasthenia. 

Case 64. Total acidity: 56. Pree acid (as HCl) : 0-12. Gunzberg’s reaction : Positive. 
Duration : 8 months. Pre-vious diagnosis : Dilated stomach. Pinal diagnosis : Nil 
(malingerer). 

Case 70. Total acidity : 45. Pree acid (as HCl) : 0-04. Giinzberg’s reaction : Negative. 
Duration : 10 years. Pre-vious diagnosis : Gastric ulcer. Pinal diagnosis ; Neurasthenia. 

Case 74. Total acidity: 41. Pree acid (as HCl) : 0*08. Gunzberg’s reaction : Positive. 
Duration : 8 years. Previous diagnosis : Carcinoma of stomach. Pinal diagnosis : Gastro- 
ptosis. 

Case 77. Total acidity : 14. Pree acid (as HCl) : Absent. Gunzberg’s reaction : 
Negative. Duration ; 2 years. Previous diagnosis : SIucous colitis. Pinal diagnosis : 
Mucous colitis. 

Case 81. Total acidity : 38. Pree acid (as HCl) ; 0-08. Gunzberg’s reaction : Positive. 
Duration: 1 year. Pre-vious diagnosis : Lumbago. Pinal diagnosis : Lumbago. 

Case 89. Total acidity : 43. Pree acid (as HCl) : 0-06. Gunzberg’s reaction : Positive. 
Pre-vious diagnosis : ?. Pinal diagnosis : Nil (malingerer). 

Case 111. Total acidity: 33. Pree acid (as HCl); 0-05. Gunzberg’s reaction: 

Negative. Duration : 1 year. Previous diagnosis : Carcinoma of pancreas. Pinal diag- 

nosis ; Cirrhosis of liver. 

Case 123. Total acidity ; Nil. Pree acid (as HCl) : Absent. Giinzborg’s reaction ; 
Negative. Duration : 6 months. ’ Pre-vious diagnosis : Pernicious anaemia. Pinal diag- 
nosis : Pernicious anaemia. 

Case 124. Total acidity : 29. Pree acid (as HCl) : 0'02. Giinzberg’s reaction : 

Negative. Duration : G months. Pre-vious diagnosis : Ulcei-ative colitis. Pinal diagnosis : 

Ulcerative colitis. 

Case 138. Total acidity : 42. Pree acid (as HCl) : 0-10. Gunzberg’s reaction : Positive. 
Duration: G months. Previous diagnosis : Colitis. Pinal diagnosis : Colitis. 

Case 141. Total acidity : 62. Pree acid (as HCl) : 0-14. Giinzberg's reaction : 
Positive. Duration: lycai-. Previous diagnosis: Carcinoma of stomach. Pinal diagnosis : 
Neurasthenia, 

Case 150. Totalacidity : 41. Pree acid (iis HCl) : 0-04. Gunzberg’s reaction : Positi\-e. 
Duration: 6 weeks. Previous diagnosis : Chlorosis. Pinal diagnosis : Chlorosis. 

Case 152. Total acidity : 37. Pree acid (as HCl) : 0-05. Giinzberg's reaction : Negative. 
Previous diagnosis : Gastroptosis. Pinal diagnosis : Gastroptosis. 

Case 169. Totalacidity: 48. Pree acid (as HCl) : 0-12. Gunzberg’s reaction : Positive. 
Previous diagnosis : Dilated stomach. Pinal diagnosis : Dementia. 

Case 170. Total acidity: 66. Pree acid (as HCl): 0-10. Gunzborg's reaction: 
((?. J.M., July, igu) 1 i 
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PosiliTe. Duration; 3 years. Previous diagnosis; Carcinoma of stomacii. Pinal diag- 
nosis: Constipation. 

Case ISO. Total acidity: (1) 29, (2) 30. Pree acid (as HCl): (1) O-OO, (2) O-OS. Qunz- 
berg’s reaction : (1, 2) Positive. Previous diagnosis: Chronic gastric ulcer. Pinal diag- 
nosis : Neurasthenia. 

Case 182. Total acidity; 13. Pree acid (as HCl): 0-02. Gunzberg’s reaction: 
Negative. Duration : 3 months. Previous diagnosis : Carcinoma of stomach. Pinal diag- 
nosis : Enteroptosis. 

Case 190. Total acidity: 37. Pree acid (as HCl): Absent. Gunzberg’s reaction; 
Negative. Duration : 2 weeks. Previous diagnosis : Gastritis. Pinal diagnosis ; Pulmo- 
nary tuberculosis with gastritis. 

Case 193. Total acidity: 43. Pree acid (as HCl): Absent. Gunzberg’s reaction: 
Positive. Duration : 6 months. Previous diagnosis : Pernicious anaemia. Pinal diagnosis : 
Pernicious anaemia (test-meal, S c.c. only). 

Case 195. Total acidity ; 7. Pree acid (as HCl) : Absent. Gunzberg's reaction : 
Negative. Duration: 6 months. Previous diagnosis: Pernicious anaemia. Pinal diag- 
nosis : Pernicious anaemia. 

Case 199. Total acidity: 10. Pree acid (as HCl): Absent. Gunzberg’s reaction: 
Negative. Duration : 6 months. Previous diagnosis : Anaemia. Pinal diagnosis : 
Anaemia secondary to haemorrhage. 

Case 212. Total acidity : 60. Pree acid (as HCl): 0-14. Gunzberg’s reaction: Positive. 
Duration : 2 years. Previous diagnosis ; Gastric ulcer. Pinal diagnosis ; Tabes. 

Case 222. Total acidity: 70. Pree acid (as HCl): 0-21. Gunzberg’s reaction: 
Positive. Duration : 5 years. Previous diagnosis : Gastric ulcer. Pinal diagnosis : 
Neurasthenia, 

Case 235. Total acidity: 23. Pree acid (as HCl): Absent. Gunzberg’s reaction; 
Negative. Duration : 7 months. Previous diagnosis : Anaemia. Pinal diagnosis : Severe 
secondarj- anaemia. 

Case 239. Total acidity : 70. Pree acid (as HCl): 0-18, Gunzberg’s reaction : Positive. 
Duration : 10 years. Previous diagnosis : Gastroptosis. Pinal diagnosis : Neurasthenia. 

Case 241. Total acidity : 55. Pree acid (as HCl) : 0-12. Gunzberg’s reaction : 
Positive. Duration : 4 months. Previous diagnosis : Nervous vomiting. Pinal diagnosis : 
Nervous vomiting. 

Case 256. Total acidity : 31. Pree acid (as HCl) ; 0-05. Giinzberg’s reaction : Nega- 
tive. Duration : 6 months. Previous diagnosis : Secondary anaemia. Pinal diagnosis : 
Anaemia secondary to haemorrhage. 

Case 258. Total acidity : 60. Pree acid (as HCl) : 0-13. Gunzberg’s reaction : Positive. 
Duration : 5 weeks. Previous diagnosis : Gastritis. Pinal diagnosis : Dementia. 

Case 259. Total acidity : 49. Pree acid (as HCl) : O-ll. Gunzberg’s reaction ; Positive. 
Duration : 8 weeks. Previous diagyiosis : Gastritis. Pinal diagnosis : Senile dementia. 
Case 260. Total acidity : 60. Pree acid (as HCl): 0-13. Gunzberg’s reaction : Positive. 
Duration ; 3 years. Previous diagnosis : Dilated .stomach. Pinal diagnosis : Enteroptosis. 

Case 261. Total acidity: 34. Pree acid (as HCl) : 0-06. Gunzberg’s reaction : Positive. 
Duration ; 11 years. Previous diagnosis ; Gastric ulcer. Pinal diagnosis : Chlorosis. 

Case 264. Total acidity ; 28. Pree acid (as HCl) : 0-04. Gunzberg’s reaction : Negative. 
Duration: Years. Previous diagnosis: Duodenal ulcer. Pinal diagnosis ; Cirrhosis of liver. 

Case 266. Total acidity : 54. Pree acid (as HCl) ; 0-10. Gunzberg’s reaction : Positive. 
Duration : 1 year. Previous diagnosis : Gastric ulcer. Pinal diagnosis : Neurosis. 

Case 267. Total acidity : (1) 3, (2) 9. Pree acid (as HCl) : (1, 2) Absent. Gunzberg’s 
reaction: (1, 2) Negative. Previous diagnosis: Duodenal ulcer. Pinal diagnosis : 
Secondary anaemia, cirrhosis of liver. 

Case2G8. Total acidity: 44. Pree acid (as HCl) : 0-09. Gunzberg's reaction: Positive. 
Duration : 1 j'car. Previous diaggiosis : Carcinoma of stomach. Pinal diagnosis : Debility. 

Case 273. Total acidity; 47. Pree acid (as HCl): O-IO. Gunzberg’s reaction : Posi- 
tive. Duration: 7 years. Previous diagnosis : Carcinoma of stomach. Pinal diagnosis : 
Chronic constipation. 
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Case 285. Total acidity : 50. Pree acid (as HCI) : 0-13. Qunzberg’s reaction : Positive. 
Duration : 7 years. Previous diagnosis : Gastritis. Pinal diagnosis ; Punctional. 

Case 287. Total acidity: 55. Pree acid (as HCI): 0-12. Gunzberg's reaction: 

Positive. Duration : 6 montbs. Previous diagnosis : Pjdoric obstruction. Pinal diagnosis : 
Functional. 

Case 289. Total acidity: 34. Pree acid (as HCI): O-OS. Gunzberg’s reaction: 

Positive, Duration : 8 months. Previous diagnosis : Gastritis. Pinal diagnosis : Pulmo- 
narj' tuberculosis and gastritis. 

Case 291. Total acidity: 79. Pree acid (as HCI): 0-20. Gunzberg’s reaction; 

Positive, Duration: Year's. Previous diagnosis: Pyloric obstruction. Pinal diagnosis : 
Functional. 

Case 296. Total acidity ; 22. Pree acid (as HCI) : Absent. Gunzberg’s reaction : 
jNegative. Duration : 1 year. Previous diagnosis : Cirrhosis of liver. Pinal diagnosis : 
Cirrhosis of liver; delirium tremens. 

Case 301. Total acidity: 49. Pree acid (as HCI): 0-10. Gunzberg’s reaction: 

Positive. Duration : .1 year. Previous diagnosis : Carcinoma of stomach. Pinal diagnosis : 
Appendicitis. 

Case 309. Total acidity: 65. Pree acid (as HCI); 0-16. Gunzberg’s reaction; 
Positive. Duration : 6 months. Previous diagnosis : Carcinoma of stomach, Pinal diag- 
nosis : Gall-stones. 

Case 310. Total acidity: (1)59, (2)44, Pree acid (as HCI); (1,2) Absent, Giinz- 
berg’s reaction: (1, 2) Negative. Duration: Tears. Previous diagnosis: Gastroptosis. 
Pinal diagnosis : Migraine. 

Case 311. Total acidity; 49. Pree acid (as HCI) ; 0- 12. Giuazberg’s reaction ; Positive. 
Duration ; 3 years. Previous diagnosis : Gastritis. Pinal diagnosis : Nil (malingerer). 

Case 334. Total acidity : 13. Pree acid (as HCI) : Absent. Qunzberg’s reaction : 
Negative, Duration : 12 years and 1 year. Previous diagnosis : Cirrhosis of liver. Pinal 
diagnosis ; Cirrhosis of liver. 

Case 346. Total acidity: 54. Pree acid (as HCI): O'll. Gunzberg’s reaction: 
Positive. Duration : 5 years. Previous diagnosis : Banti’s disease. Pinal diagnosis : 
Banti’s disease. 

Case 347. Total acidity ; 50. Pree acid (as HCI) ; 0-10. Gunzberg’s reaction : 

Positive. Previous diagnosis : Gastric ulcer. Pinal diagnosis : Nil (malingerer). 

Case 350. Total acidity: 85. Pree acid (as HCI) : 0-22. Gunzberg’s reaction : Positive. 
Duration : 6 years. Previous diagnosis : Gastritis. Pinal diagnosis : Neurasthenia. 

Case 3-52. Total acidity: 20. Pree acid (as HCI) : Absent. Gunzberg’s reaction : 
Negative. Duration : 1 yeai'. Previous diagnosis ; Cirrhosis of liver. Pinal diagnosis ; 
Cirrhosis of liver. 

Case 354. Total acidity: 62. Pree acid (as HCI) : 0-12. Gunzberg’s reaction : Positive. 
Duration : 17 years. Previous diagnosis ; Mucous colitis. Pinal diagnosis : Mucous colitis. 

Case 356. Total acidity: 55. Pree acid (as HCI): 0-13. Gunzberg’s reaction : Positive, 
Duration : 6 -weeks. Previous diagnosis : Gastritis. Pinal diagnosis : Constipation. 

Case 362. Total acidity : 48. Pree acid (as HCI) : 0-11. Gunzberg’s reaction : 
Positive. Duration; 6 years. Previous diagnosis: Carcinoma of stomach. Pinal diag- 
nosis: Constipation, 

Case 364. Total acidity: 6. Pree acid (as HCI): Absent. Gunzberg’s reaction: 
Negative. Duration: 1 year, Pre-vious diagnosis : Pernicious anaemia. Pinal diagnosis: 
Pernicious anaemia. 

Case365. Total acidity: 53, Pree acid (as HCI): 0-1 1. Gunzberg’s reaction; Positive. 
Duration : 5 yearn. Previous diagnosis : Gastric ulcer. Pinal diagnosis : Entcroptosis. 


I i 2 
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Part II. 

Those who ai’e concerned with the chemical examination of gastric contents 
have at their disposal a considerable variety of methods of examination, which 
differ both in their technique and in the information which they yield. The 
method which should most commend itself is one which is reasonably accurate, 
simple in accomplishment, and which affords the greatest possible information 
for diagnosis and ti-eatment. The methods most commonly employed in this 
country are the following : — ^The Prout-Winter method, Tdpfer’s method, the 
inversion of cane-sugai', and Volhard’s method, or one of its modifications. 

The amount of free HCl and protein-HCl as estimated by the Prout-Winter 
method has been shown by WilJcox to be extremely inaccurate. The method 
depends upon the fallacy that HCl in an organic mixture is volatilized by 
heating to dryness. Willcox has shown, and we have confirmed his observation, 
that only about one-third of free HCl is thus driven off. The amount of 
protein-HCl is proportionately over-estimated. We have investigated as far as 
possible the relative values of the remaining three methods, from the point of 
view both of their accuracy and of the information which they give. 

The diagnostic value of the various methods seemed to us to be best 
estimated by examining a series of test-meals by them all. In the following 
table fifty-two test-meals from various gastric conditions chosen indiscriminately 
were analj'sed in this manner. Certain other examinations shown in the table 
will be refen-ed to later. 


Tablb VII. Examination of Gastric Contents by Various Methods. 


Total 



‘ Active 

‘Free HCL’ 

After Extraction 
with Ether. 

Total 

Total 
Nitrogen 
(grammes %). 

Acidity. 

Dimethyl 

Giinzberg’s 

HCL’ 

Inversion 

Acidit 3 \ 

Dimethyl 

Phenol- 

phthalein. 

Acidity. 

Keaction. 

Vol- 

hard. 

of Cane 
Sugar. 

Phenol- 

phfhalein. 

Acidity. 

1. 58 

0-21 

0-14 

Positive 

0-25 

0-15 

— 

— 

— 

2. 45 

0-1 G 

; 0-09 

Positive 

0-22 

0-10 

— 

— 

— 

3. 47 

0-17 

1 0-llG 

i 

Positive 

0-19 

0-135 

— 

— 

— 

4. 51' 

0-18G, 

^ 0-127 

Positive 

0-24 

0-126 

— 


— 

5. 72’ 

0-2G2] 

0-204 

Positive 

0-219 

0-171 

— 

— 

— 

G. SG 

0-131 

0-075 

Positive 

0-073 

0-03G 

— 

— 

— 

7. 50 

0-182 

0-llG 

Positive 

0-113 

OOGl 

— 


— 


Notes.— 1. Edentulous dyspepsia. 3. Operation. Chronic gastric ulcer (pylorus). 4. 

Dyspepsia. 5. Operation. Duodenal ulcer. 6. Dyspepsia. 7. Operation. Gall-stones. 
Stomach nonnal. 
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Table VII {continued). 

After Extraction 
with Ether. 


Total 


‘ Active 

Acidity. Dimethyl 

Giinzberg's 

HCL’ 

Phenol- Acidity. 

Reaction. 

Vol- 

phthalein. 


hard. 

8. 831 0-204 

0-303 ■ 

Positive 

— 

9. 551 0-091 

0-200 

Positive 

0-20 

10. 361 0-04 

0-131} 

Very faint 

0-156 

11. 76) 0-21 

0-277 J 

Positive 

0-288 

12. 43) 0-091 

0-157 

Positive 

0-113 

13. 45) 0-10 

0-164 

Positive 

0-196 

14. 47) 0-10 

0-169 

Positive 

0-164 

15. 37) 0-06 

Positive 

0-07 

0-135 



16. 41) 0-043 

0-149 ■ 

Positive 

0-132 

17. 28) 0-025 

Negative 

0-143 

0-102 



18. 44} 0-116 

0-160 ; 

Positive 

0142 

19. 56) 0-131 

0-203 

Positive 

0-219 

20. 50) 0-036 

0-182 ■ 

Negative 

0-069 

21. 70) 0-105 

0-255 } 

Negative 

0-222 

22. 95) 0-233 

0-346} 

Positive 


23. 60) 0-160 
0-219} 

Positive 


24. 771 0-240 

0-281} 

Positive 


25. 661 0-168 

0-240} 

Positive 

0-248 

26. 521 0-094 

0-187) 

Positive 

0-204 

27. 281 0-029 

0-102} 

Negative 

0-120 

28. 13 Absent 

0-047 ' 

Negative 

0-069 

29, 561 0-138 

0-204 ; 

Positive 

0-213 


Eree HCl.’ 
Inversion 
of Cane 
Sugar. 

Total 
Acidity. 
Phenol- 
phthalein. , 

Dimethyl, 

Acidity. 

Total 
Nitrogen 
(grammes %), 

0-167 

73) 

0-266] 

[ 

f 

0-182 

— 

0-051 

46: 

0-167 

1 

0-065 

— • 

0-008 

30’ 


0-020 

0-140 


0-108 J 

_ 651 018 

0-236 

_ 39] 0-080 

0-142 ■ 

0-04 42) 0-077 

0-153 

_ 45 0-087 

0-164 


0-036 — — — 

Absent — — “ 

0-119 — — — 

0-066 — _ — 

Absent 44) 0-021 

0-160} 

9 381 0091 — . 

0-140} 

0-222 — — 0‘^21 

0-098 — — 0-198 

0-231 — — 0-909 

0-168 — — — 

0-041 — — — 


0-104 


13. Chronic dyspepsia. 14. Castric mce^^^ 20 Chronic castritis. 21. Carcinoma of 

18. Dilated stomach. , t 92 98 ?nd 24 Gastric ulcer. 2-5. 

the stomach. Secondaries in the r tv ‘ ^]„niB ’ 26. Operation. Adhesions round 

Operation. Chrome gastric ulcer. Stenosis of ^e pylonis ^ °28. Chronic alcoholic 

the "all bladder. Stomach and appendix normal. r'yspepsia. 

gastritis. 29. Duodenal ulcer. 



476 


QUARTERLY JOURNAL OF MEDICINE 
Table VII (contimied). 


After Extraction 
with Ether. 


Total 



‘ Active 

‘Free HCl.’ 

Total 


Total • ■ 
Nitrogen 
(grammes %), 

Acidity. 

Dimethyl 

Giinzberg's 

HCl.’ 

Inversion 

Acidity. 

Dhu ethyl 

Phenol- 

phthalein. 

Acidity. 

Reaction. 

Vol- 

hard. 

of Cane 
Sugar. 

PHenol- 

phthalein. 

Acidity. 

30. 591 

0.2151 

0-091 

Negative 

0-171 

— 

50) 

0.182} 

0.077 


31. 63 

0-226 

0-154 

Positive 

0-22 

0-086 (?) 

— 

— 

— ' 

32. 94 

0.343 

0-270 

Positive 

0-346 

0-270 

— 

— 

' — 

33. 20 

Absent 

Negative ' 

0-074 

— 

— 

— 

■ 

0-073 








34. 56' 

0-043 

Negative 

0-175 



— 

— 

• 

0-204 








35. 44 

0-046 

Negative 

0-179 

— 

— 

— 

• 

0-1601 

1 







36. 70 

0-179 

! 0-098 

1 

Positive' 

0-193 

0-066 

— 

— 

0-196 

37. 52 

0-189 

1 0-135 

1 

Positive 

0-215 

0-10 

— 

— 

0-161 

38. 62' 

1 0-123 

Positive 

0-233 

0-134 





0-101 

0-226 

[ 







39. 50 

0-182 

^ 0-113 

Positive 

0-171 

0-067 

— 

— 

— 

40. 73 

0-266 

L 0-208 

1 

Positive 

0-244 

0-185 

— 

— 

0-126 

41. 46 

0-167 J 

^ 0-073 

Faintly 

positive 

0-164 

0043 

— 

— 

0-182 

42. 531 

0-193] 

0-112 

Positive 

0-226 

0065 

— 

— 

0-182 

43. 69’ 

0-16 

Positive 

0-230 

0-131 

— 



0-160 

0-251, 








44. 871 

1 0-215 

Positive 

0-318 

0169 

— 


0-204 

0-317] 

[ 







45. 541 

0-197] 

0-08 

Faintly 

positive 

0-198 

0-043 (?) 

— 

— 

0-207 

46. 105 

0-302 

Positive 

0-365 

0-300 

— 




0-383. 








47. 65 

1 0-142 

. Positive 

0-251 

0-126 

— 





0-237 . 








48. 25' 

Absent 

Negative 

0-0.58 

— 

— 



— 

0-091 







49. 26 

Absent 

Negative 

— 

— 

— 

— 

0-140 

0-094 







50. 28 

Absent 

Negative 

— 

— 

— . 

— 

0-137 

0-102 







51. 14 

0-051 

Absent 

Negative 

■ 0-037 

— 

— 

— 

0-042 

52. 59 

0-216 

0-08 

Negative 

0-208 

— 

— 

— 

0-179 


Notes.— 30. Migi-aine. 31. Operation. Duodenal ulcer. 32,33. •? Cirrhosis of liver. 

34. Operation. Carcinoma of the body of the stomach. Inoperable. 35. Migraine. 36.- 

? Appendicitis. 37. Operation. Duodenal ulcer. 38. Mucous colitis. 39. Operation.- 

Gastric ulcer. 40. Gastric ulcer. 41. Operation. Gastric ulcer. Hour-glass stomach. 42. 
Entoroptosis. 43. Operation. Gastric ulcer (pylorus). 44. Duodenal ulcer. Operation for 
ruptured duodenal ulcer 5 years ago. 45. Dj’spepsia. 46. Operation. Duodenal ulcer. 

47. Gastritis. 48. Post-mortem. Carcinoma of the stomach. 49. Persistent vomiting. ? Cause. 
50. Chronic gastritis. 51. Gastritis. 52. Gastric ulcer, llaematcmcsis. 
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We believe that all the methods in the table (Table VII) have theii- 
inaccuracies. We will discuss each method separately. 

1. Topfer's method. This .was originally described by Topfer {ZeiUcliT. f. 
Physiol. Chem., xix^ Heft 1). Three equal parts of gasti-ic contents are taken. 
All three are titrated with a decinormal solution of sodium hydrate. For the 
first phenolphthalein is used as an indicator, for the second alizarin, and for 
the third dimethylamidoazobenzene. Alizarin estimates all acidity except that 
due to protein-hydrochloric acid. We have not used this alizarin reaction owing 
to the difficulty of the end-point, and cannot discuss its meaning or accuracy. 

Phenolphthalein acidity. This is generally considered to estimate free and 
combined hydrochloric acid, oi-ganic acids, and acid salts. The indicator 
gives the complete measure of acidity due to these substances. The result is 
recorded as ‘ Total Acidity We have found that filtered gastric contents have 
a slightly lower acidity than unfiltered, probably owing to the absorbing 
propei-ties of the particles of bread. The result is more accui-ate with the 
filtered contents. The acidity is unaffected by standing even after many hours 
at room temperature. These remarks hold good equally for the dimethyl 
acidity. The end-point with phenolphthalein, and more particularly witli 
dimethyl, is frequently indefinite in test-meals with low acidities. 

Dimethyl acidity. This has been particularlj' investigated. In simple 
solutions free hydrochloric acid is estimated completely and accurately, and 
there is no reaction with protein-hydrochloric acid. We have confirmed this 
by numerous experiments on different forms of protein. For the estimation 
of free hydrochloric acid, the end-point is not reached until the solution becomes 
a light yellow colour. There is no reaction with acid phosphates even in strong 
solution. About one-third of the total acidity of lactic or acetic acid in simple 
solution is estimated. Exactly one-half of the acidity of free phosphoric acid 
is given. In a normal test-meal the dimethyl acidity is about two-thirds of the 
total acidity. In test-meals comparison of the dimethjd acidity with that 
calculated from the inversion of cane sugar shows a fairly close agi'eement when 
the acidity is high. When the acidity is low the dimethyl acidity is considerably 
above that estimated by the polariscope. 

As a measure of free hydrochloric acid the dimethyl acidity is obviously 
inaccui'ate in some test-meals. For thei'e may be a considerable acidity with 
a negative GUnzberg reaction (see table). The dimethyl aciditj’^ in these cases 
is usually considered to be due to lactic, acetic, or butyric acid. We have found 
organic acids to account for only a very small portion of this acidity, since after 
prolonged extraction with ether the dimeth3d acidity is little altered. In 
twenty-four hours, with several changes of ether, about 90 per cent, of the 
organic acids can be extracted from a watery' solution. The almost negligible 
loss of acidity after ether extraction is shown in the table, and it is evident tliat 
the dimethyl acidity in these cases must be due to some otlier substance ; we 
will discuss later the nature of this substance, which we believe to be in part 
phosphoric acid. The dimethyl acidity must therefore be considered in con- 
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junction -with Giinzberg’s reaction. The indicator appears to give an accurate 
measure of free hydrochloric acidity "when this is either normal or above normal. 
"When the free acidity is below 0-1 per cent, the free hydrochloric acid is frequently 
over-estimated. The method has the great advantage of simplicity, and takes, 
only a few minutes to perform. The total acidity with phenolphthalein can 
subsequently be estimated in the same specimen, and the Gunzberg reaction 
performed at the same time. We thus obtain accurate information of the ' total 
acidity’ and of the presence or. absence of free’ hydrochloric acid, a reliable 
indication of an increase in this acid, and a less accurate estimation of a decrease. 
The entire examination takes about ten minutes to perform. 

2. Inversion of cane sugar. The inversion of cane sugar is accelerated by 
the presence of free acids. For a given acid the amount of cane sugar inverted 
in a given time varies with the number of free ions present. Therefore, when 
the acid is sufficiently dilute to be completely dissociated, the amount of inversion 
will varj^ with the quantity of acid. The method has been shown to estimate 
free hydrochloric acid accurately, when in pure solution, in any strength in 
which it occurs in gastric contents. Hence bj*^ comparison with a solution 
containing a known quantity of hydrochloric acid, the amount of hydrochloric 
acid in gastric contents can be .estimated. 

The degree of dissociation of organic acids is ' so small that the amount 
of inversion due to their presence in gastric contents is negligible. Acid sodium 
phosphate and protein-hydrochloric acid have no effect on the rate of inversion. 
We found however that free phosphoric acid causes a definite acceleration. 
Therefore the method estimates the whole of free hydrochloric acid, part of free 
phosphoric acid, and practically no acidity due to organic acids. The technique 
described by Ham and McLeod has been followed in all cases. 

We employed this method with the intention of controlling the dimeth}"! 
acidity as a measure of free hydrochloric acid. We shall show subsequently that 
when the total acidity is high and Gunzberg’s reaction is positive, phosphates are 
present in very small quantities. In these cases the method gives a very accurate 
estimation of the amount of free hydrochloric acid. Dimethyl acidity is also an 
accurate measure of free hydrochloric acid, since organic acids are present in very 
small amount. Indeed in such circumstances the same conclusions would 
almost invariably be drawn from the figures given by the dimethyl, Yblhard’s, 
and the polariscopic method. 

When the total acidity is low, phosphates are present in greater quantity, 
especially when Gunzberg’s reaction is negative. The method then ceases to 
give an accurate estimation of free hydi-ochloric acid. As it measures phosphoric 
acid to a less degree than does dimethyl, and no organic acidity, it is somewhat 
more accurate than dimethyl, but the difference probably would never help 
in diagnosis. The filtrates are frequently so turbid that no estimation with the 
polariscope is possible. The acceleration of the inversion is thus an accurate 
measure of free hydrochloric acid when the acidity' is high, but becomes inaccurate 
when the acidity is low. The method is of scientific interest but unpractical. 
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3. Volharcl’s method. The Volhard method employed was the modifica- 
tion described by Willcox, in which the difference between the total chlorides 
and the chloj’ides left after evaporating to dryness and heating over a Bunsen 
burner is reckoned as ‘ active ’ hydrochloric acid. Willcox, whose work on 
gastric analysis is of the highest value, does not concern himself with the free 
hydrochloric acid, but only with the ‘ active ’ or ‘ available ' hydrochloric acid, 
i. e. the total of the free hydrochloric acid, and that combined with protein. We 
do not altogether agi’ee with Willcox in theory, since by always giving the 
same simple test-meal after washing out the stomach the amount of available 
protein varies very little. Also, in the normal stomach, as the hydrochloric acid 
is neutralized by protein more hydrochloric acid is probably produced. In such 
a case the free and not, the ‘active’ hydrochloric acid is the measure of the 
activity of the gastric functions. Moreover, the total available hydrochloric acid 
is not estimated, since a part of it is neutralized by salts in the test-meal, and 
is by this method ignored as ‘fixed chlorides’. 

In practice the ‘ active ’ hydrochloric acid agrees so closely with the total 
acidity that in the great majority of cases it gives no further information. This 
is evident on reference to Willcox’s lists, particularly those relating to gastric 
ulcer, and to our own table. It can be said that if the total acidity is 
appreciably above or below normal, so is the ‘ active ’ hydrochloric acid, and 
slight variations between the two do not help us in any way. In Willcox’s list 
of cases of gastric ulcer the total acidity and active hydrochloric acid agi’ee to 
the third place of decimals. No case occurs in our table in which the total 
acidity is above normal and ‘ active ’ hydrochloric acid below normal, while all 
cases with very low acidity had very low active hydrochloric acid. We might 
point out that the estimation of total acidity takes ten minutes, and Willcox’s 
method one and a half hours. The difference in labour is not compensated by 
the result. 

Further we believe the method to be as inaccurate, and to vary from 
the facts in much the same way, as Tdpfer’s, i. e. it is probably fairly accurate 
when the result is high, and overestimates when low'. We give the reasons 
shortly. 

It is difficult at first sight to see a source of inaccurac}'’ in the method. 
There is a possibilitj’' of loss of volatile chlorides duilng evaporation, but 
the amount of ammonium chloride is not great, and can only account for part of 
the difference between free and active hydrochloric acid, as Willcox has pointed 
out. In numerous mixtures of chlorides w’e found all the ammonium chloride 
lost by this method, but no loss of sodium chloride occurred even when the 
residue w'as heated to a red heat. Yet it seems to us the method must be 
inaccurate, since the active hydrochloric acid agrees fairly well with the total 
acidity whether Gunzbeig’s reaction is positive or negative, and we are not 
inclined to accept Willcox’s explanation of this, that in cases whci'e Giinzberg is 
negative the mucin is inci’eased and the hydrochloric acid combines with it. 
The estimations of total nitrogen which we have performed do not show' .sufficient 
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variations in tlie amount of protein to account for the variations in the amount 
of protein-HCl as shown by Willcox’s method. 

"We would call attention to the eases in Table VII in -which Giinzberg’s 
reaction is negative and there is an appreciable dimethyl acidity. In such test- 
meals the dimethyl acidity must be deducted from the total acidity to obtain the . 
extreme measm-e of the ‘ active ’ hydrochloric acid. Yet in some instances the 
‘ active ' hydrochloiic acid is found actually to exceed the total acidity. 

We would particularly call attention to Case No. 21, in which, with 
a negative GUnzberg’s reaction, the difference between the dimethyl and total 
acidity was 0-15 per cent, and the ‘ active ’ HCl was 0-22 per cent. In this case 
the dimethyl acidity of 0-10 per cent, was scarcely affected by extraction with 
ether, and was due, as we believe, to phosphoric acid. In these cases the ‘ active ’ 
hydrochloric acid must include something besides the hydrochloric acid combined 
with protein. We believe that the explanation is to be found in the mode of 
formation of the gastric hj'drochloric acid, that is to say, b^’^ the interaction 
between sodium chloride and phosphoric acid. 

In his article on Gastric Analysis in the previous number of this Journal, 
Dr. Graham lays much stress upon the ratio of active HCl to mineral salts 
of HCl. This ratio, just as the ‘active HCl’ upon which Willcox depends, 
seems to us to vary approximately with the total acidity. When, free HCl 
being present, the total acidity is high the active HCl is in excess of the 
mineral salts of HCl, the converse being the case when free HCl is absent 
and particularly when the total acidity is low. As a means of diagnosis this 
ratio in our opinion affords slightly less accurate information than the more 
simple method modified from Topfer. Dr. Graham has found it convenient to 
provide separate tables for those cases of simple and malignant ulcer which do 
not conform to the rule. Several exceptions occurred among our cases, of which 
the most striking were a case of simple duodenal ulcer in which the ratio was 
67 to 100, and a case of carcinoma of the stomach -with a I’atio of 317 to 100. 


Flmpliorus Compounds in Gastric Contents. 

So far as we have been able to ascertain, Moore is the only author in recent 
times who has dmected attention to the interaction between phosphates and 
chlorides as a complication in the analysis of gastric juice. Moore carried out 
Giinzberg’s test on a decinonnal solution of acid sodium phosphate to which he 
added successive tenths of its volume of decinonnal hydrochloric acid. The test 
became positive with a mixture containing half as much hj-drochloric acid as 
acid sodium phosphate. With mixtures containing less hydrochloric acid it was 
negative. It was noticed that with this mixture the pink colour denoting 
the presence of free mineral acid was not marked as with pure hydrochloi’ic 
acid, but resembled the indefinite reactions which occur -when examining the 
gastric juice of malignant cases. We have investigated further the i-esults of 
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certain tests, qualitative and quantitative, when applied to solutions of phosphoric 
and hydrochloric acids and their sodium salts. 

We will first consider the interaction of phosphates and chlorides in 
solutions. In a solution of chlorides and acid phosphates there will be present 
traces of disodium hydrogen phosphate and free hydrochloric acid. This is in 
accordance with Thomsen’s law of Mass Action. If the amounts of the two 
salts are approximately equal, only a trace of hydrochloric acid will be present, 
in insufficient quantity to be recognized by such a test as dimethyl. If by any 
means this trace of hydrochloric acid can be removed, a iurther amount wiU be 
formed. It is generally supposed that hydrochloric acid in gastric juice is formed 
in this manner by the interaction of hydrogen sodium phosphate and sodium 
chloride in the gastric mucous membrane, the small amount of hydrochloric acid 
resulting being secreted into the cavity of the stomach. This action is con- 
tinuous, and results in an appreciable amount of hydrochloric acid being present 
in the stomach. Removal of the hydrochloric acid by this vital action of the 
mucous membrane can be imitated by heating the solution of chlorides and acid 
phosphates over a water bath, the only volatile substance present being hydro- 
chloric acid. By the time the solution has completely evaporated an appreciable 
quantity of chlorides will have been lost.'^ The following analysis may be 
quoted as an example: — 


Solution- 

-NaCl .... 

0-5 gi-amme 


NaH,P 04 

0-2 gramme 


Water to . 

100 c.c. 

Analysis— 

-Total Acidity . 

. =14 


Free Acid 

. = 0 


Total Chlorides 

. = 8-4 c.c. ^ AgNOj 

in 10 c.c. 

Chlorides after -evaporation 

. =7-8 


Chlorides lost . . 

. = 0-6 

In this instance there is a loss of chlorides corresponding to 6 c.c. of decinormal 

silver nitrate solution in 100 c.c. This is 

equivalent to 0-022 gramme HCl. If 

a mixture of phosphoric acid and chloiddes be taken the loss is much more marked. 

Solution- 

-NaCl . . . . 

0-5 gramme 


H 3 PO, . . . . 

. 1 c.c. 


Water to . 

. 100 c.c. 

Analysis- 

-Total Acidity . 

. =191 


Free Acid 

. = 94 


Total Chlorides 

. = 8-2 

in 10 c.c. 

Chlorides after evaporation 

. = 0-1 


Here the loss of chloride is the equivalent of 0-205 gramme HCl per cent. 


^ The results of these and of all suhsequenb analyses are recorded in the same fonn as for 
those of gastric juice. The phosphoric acid used was ‘pure’ phosphoric acid tsjj. gr, l-.’l) of 
the British Pharmacopoeia. 
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With organic acids the loss of chlorides is insignificant. 


Solution- 

-NaCl . , . . 

. 0-5 gramme 


Lactic Acid 

. 1 C.C. 


Water to ... 

100 c.c. 

Analysis— 

-Total Acidity . 

. =85 


Free Acid 

. =34 

in 10 C.C. 

Total Chlorides 

. =8-5 

Chlorides after evapoi'ation 

. =8-3 

The addition of free HCl does not prevent the 

loss of chlorides. 

Solution- 

-NaCl . ; . . 

. 0-5 gramme 


H3PO4 .... 

. 1 c.c. 


N 

^HCl .... 

50 c.c. 


Water to . 

100 C.C. 

Analysis— 

-Total Acidity’' . 

. =239 


Free Acid 

. =141 

in 10 c.c. 

Total Chlorides 

. = 13-5 

Chlorides after evaporation 

. = 0-5 


A mixture can thus be prepared the analysis of -which closely approximates to 
that of gastric juice. 

Solution — NaCl . 0-5 gramme Test-meal — 

H3PO4 . 0-25 c.c. Case No. 43. Table VII. 

^ HCl 20 C.C. 

Water to 100 c.c. 


Analysis — Total Acidity = C9 

Free Acid = 42 

Total Chlorides = 10-6 

in 10 c.c. -! Chlorides after 

evaporation = 4-9 

Free Acid by 

polariscope =0-147% 


Total Acidity 
Free Acid 
Total Chlorides 
Chlorides after evaporation 

By polariscope 


= 69 

= 44 

= 104 

= 41 

= 0-131% 


Not only is the analysis of the above mixture almost identical with that of 
an actual tes4meal, hut it is also evident that the amount of chloride lost 
indicates a far gi'eater amount of HCl than was in fact present in the solution. 
It is not suggested that ‘ active ’ hydrochloric acid is entirely due to the inter- 
action of phosphates and chlorides, hut these analyses are given to show the 
extent to which the presence of phosphates may influence its estimation. 

We will next consider Giinzberg’s reaction as applied to solutions containing 
phosphates. Solutions of pure phosphoric acid give a positive reaction even 
when very dilute. The presence of other substances interferes with this test. 
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Dextrose and Witte’s peptone prevent phosphoric acid giving the reaction, and 
sodium chloride in a strong solution vdll also do so. 

Peptone forms a compound with phosphoric acid as it does with hydro- 
chloric acid, but its interference with Gunzberg’s test cannot be ascribed to this, 
as it may be negative when the presence of free acid is revealed by dimethyl. 
Dextrose does not diminish the acidity as estimated by either dimethyl , or 
phenblphthalein, but Giinzberg’s test is negative after the addition of dextrose in 
certain quantities. Neither dextrose nor sodium chloride affect Gunzberg’s test 
when applied to free hydrochloric acid, and peptone only does so when in sufficient 
quantity to combine with the whole of the acid. Thus with these mixtures it is 
never found that Gunzberg’s test is negative when the dimethyl test is positive. 
This may be taken to prove that the action of these substances is not on the 
reagents used in the test. Considerable amount of sodium chloride is necessary 
to prevent free phosphoric acid from giving a positive Giinzberg reaction. 

With mixtures of sodium chloride and phosphoric acid a fleeting pink 
coloration is seen which agrees with Mooi'e’s observations referred to above, and 
is similar to what occurs in gastric juice with low acidity. The following example 
may be given of a solution in which Gunzberg’s test was negative, although free 
acid was undoubtedly present. The reaction also shows a loss in chloride of 
0-08 gramme of HCl. 


Solution — NaCl . . . . 

H3PO, . . . . 

Witte’s Peptone 
Water to . 

Analysis — Gunzberg’s Test 
Total Acidity . 

Free Acid 

f Total Chlorides 

3 c.c. i Chlorides after evaporation 
V Chlorides lost . 


0-5 gramme 
0*25 c.c. 

1 gi’amme 
100 C.C. 

. = Negative 

. =62 
. =21 

. = 8-4 C.C. ^ AgNOg 



When estimating the acidity of solutions containing phosphates with phenol- 
phthalein and dimethyl as indicators, the end-point is difficult to detei’miuo and 
differs from the sharp change which occurs with pure solutions of hj^drochloric 
acid. With dimethyl there is a long range of orange tints between the dis- 
appearance of the pink and the appearance of the light j'cllow which marks the 
completion of the titration. With phenolphthalein conversely there is a long 
interval between the first appeai'ancc of a reddish tint and the definite establish- 
ment of the pink colour which is distinctive of alkalis in pure solution. Thus 
a considerable error easily arises in estimating such acidities. The polariscope 
is of little assistance. Invei-sion of cane sugar is appreciably accelerated by 
phosphoric acid, but it is difficult to decide the exact point at which there is 
a uniform purple colour. Thus there may be definite citoi'S in the estimation of 
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the angle of rotation. Solutions to which protein has been added are even more 
difficult, as they have considerable opacity. 

All these indefinite end-points are present in gastric juice in which the 
acidity is low, and especially in cases when free hydrochloric acid is absent. 
In such cases the filtrate is frequently so cloudy that no light penetrates the 
polariscope ; when sufficiently diluted to he translucent, the change in the 
angle of rotation becomes so small that the estimation is unreliable. Hence 
the polariscope entirely fails us in cases in which the eiTor of other methods 
is greatest. 

These reactions show the resemblance between the solutions containing 
phosphates and gastric juice of low acidity. ■ We have already given our reasons 
for believing that the estimation of the active hydrochloric acid is especiaUy 
erroneous in these cases. The test-meal may be referred to again in which the 
‘ active ’ hj'drochloric acid was 0-22 per cent, while the difierence between the 
dimethj'l and total acidity corresponded to O-IS per cent., free HCl being absent. 
The ‘active’ hydrochloric acid must therefore have been over-estimated by at 
least one-third, even supposing the whole of the 0-15 per cent, to comprise hydro- 
chloric acid combined with proteid. 

We will next consider the amount of phosphates present in gastric juice 
from various conditions. The estimation of the phosphates in test-meals by the 
use of uranium nitrate w'as found to be unsatisfactory. It is recognized that the 
presence of chlorides, especially hydrochloric acid, interferes with the reaction. 
An attempt was made to estimate the amount of acid sodium phosphate by 
titrating the remaining acidity with decinormal soda. This method is based 
(m the incoiTect assumption that acid sodium phosphate is not neutralized 
by calcium carbonate. With pure solutions of phosphoric acid an approximate 
result can be obtained by titrating immediately after the addition of calcium 
carbonate. Acid sodium phosphate, however, is neutralized by calcium carbonate 
almost completely in about an hour. 

It is impossible to obtain any measure of the amount of acid sodium 
phosphate in a test-meal by titrating immediately after the addition of calcium 
carbonate, since protein-hydrochloric acid is found to be neutralized by calcium 
carbonate even more slowly than is acid sodium phosphate. The following 
method was finally used in the estimation of phosphates : — Evaporate 20-40 c.c. 
of filtered gastric contents to dryness or a water bath. Add about 40 c.c. of 
strong nitric acid and stir. The solution will have a yellow colour. Heat again 
on the water bath, and add small quantities of potassium chlorate until the 
solution becomes clear. This destroys all organic matter. Evaporate to dryness 
on the water bath. All the chlorides present will have passed off as nitrosyl 
chloride. The residue will be of a sjTupy consistency. Add to this 50 c.c. of 
a solution of ammonium molybdate in nitric acid. The whole of the phosphoric 
acid is precipitated on heating. The precipitate, which is filtered off, has approxi- 
mately the fonnula 10 MoO^PO^(NH^) 3 , As the precipitate is soluble in 
^vater it must be washed with the reagent. The filter paper is then dried at 
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a moderate heat, but must not be ignited. The precipitate can then be brushed 
off the dry paper, and -weighed directl}’-. The amount of phosphates present is 
calculated from the formula of the precipitate.^ 

The accompanying table (Table VIII) gives the analyses of test-meals, chosen 
indiscriminately. 

It will be noticed that the amount of phosphate is greatest when free hydro- 
chloric acid is shown to be absent by Gunzbei’g’s test, and the total acidity is 
relativel}’- high. This is probably not due to a simple failure on the part of the 
stomach to absorb the phosphates taken in the food, but is more likely to depend 
upon the method of formation of hydrochloric acid referred to above. It is 
possible that an abnormal gastric mucous membrane, failing to evolve hydro- 
chloric acid from the mixture of phosphates and chlorides brought to it from the 
blood, seci’etes the phosphates into the stomach unaltered. 

We are unable for various reasons to agi’ee witlj the view that the absence 
of free acid in carcinoma is due to a neutralization by an alkaline secretion from 
the ulcer. If this were the case there should be no diminution of the total 
chlorides in carcinoma cases, whereas there is a marked decrease, such as does 
not occur if an alkali be given -uith the test-meal to a normal individual. 

In those cases in which the total acidity is appro.vimately normal and the 
Glinzberg test is negative, the acidity is partly due to the phosphates, since in 
an acid medium these can only exist as acid salts. The amount present is 
sufficient to cause a considerable loss of chloride on heating to dryness, and this 
is indistinguishable from protein-hydrochloric acid ; we perform indeed by means 


Table VHI. 


No. of Case. 

Total Acidity. 

Dimethyl 

Acidity. 

Giinzberg’s 

Reaction. 

Phosphates 
(grammes %). 

1 

49 

0-066 

Negative 

0-11 

2 

40 

Absent 

Negative 

0-082 

3 

30 

Absent 

Negative 

0-075 

4 

48 

0-055 

Negative 

0-050 

5 

45 

0-07 

Negative 

0-05 

6 

34 

Absent 

Negative 

0-05 

7 

54 

0-10 

Positive 

0-042 

8 

34 

0-03 

Negative 

0-04 

9 

34 

0-04 

Negative 

0-038 

10 

45 

0 055 

Trace 

0-030 

11 

41 

0-07 

Positive 

0-031 

12 

77 

0-18 

Positive 

0-025 

13 

53 

0-095 

Positive 

0-022 

14 

■58 

0-14 

Positive 

0-012 

15 

14 

Absent 

Negative 

0-010 

16 

61 

0-12 

Positive 

0-006 

17 

60 

0-12 

Positive 

0-003 


of an evaporating dish and a Bunsen burner exactly what the gastric mucous 
membrane has failed to do. Thus in such cases the amount of phosphates is 
sufficient to cause considerable inaccuracy’’ in the estimation of ‘active’ liydro- 

' V. Dictionary of Chemistry, part VIII, Srd supplement, ‘ Phosphates.' 
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cUoric acid. In cases ■where the free acidity is normal, or above normal, 
phosphates become of minor importance.^ 

It is possible, but improbable, that the amount of phosphates present 
may help us in the diagnosis of carcinoma of the stomach ; so far as our investi- 
gations have gone the amount of i)hosphate vai'ies with the presence or absence 
of free HCl, irrespective of the kind of lesion present in the mucous membrane. 


The Amount of Protein in GasUnc Contents. 

The amount of nitrogen in filtered gastric contents has been estimated 
in seventeen cases by Kjeldahl’s method. Some idea of the amount of hydro- 
chloric acid combined with protein can be obtained from the figures. The term 
‘ protein-hydrochloric acid’ is applied commonly to the difierence between the 
‘active hydrochloric acid’, as estimated by Volhard’s or other methods, and the 
free hydrochloric acid. This theoi'etically gives the amount of hydrochloric acid 
combined with protein. 

Since dimethyl certainly estimates the whole of the free hydrochloric acid the 
‘ protein-hydrochloric acid ’ must he at least equal to the difierence between the 
‘ active ’ and the dimethyl acidity. Any other method of calculation will make 
the result greater. One gramme of a sample of Witte’s peptone was found by 
titration to combine with O'035 gramme of hydrochloric acid. It contained O-IGS 
gramme of nitrogen. 

In the accompanying table (Table IX) twelve cases are given in which the 
‘ active ’ and dimethyl acidity have been estimated, and the total nitrogen. 

It will be seen that the amount of ‘ protein-hydi’ochloric acid ’ calculated as 
above is far greater than corresponds to the amount of nitrogen, according to 


Table IX. 


No. of Case. 

Active HGl. 

Dimethyl 

Acidity. 

Difference 

(=Protein-HCl). 

Total 

Nitrogen. 

10 

0-156 

004 

0-116 

0-140 

36 

0-193 

0-098 

0-095 

0-196 

37 

0-215 

0-135 

0-080 

0-161 

38 

0-233 

0-123 

0-110 

0-101 

40 

0-244 

0-208 

0-036 

0-126 

41 

0-164 

0-073 

0-091 

0-182 

42 

0-226 

0-112 

0-114 

0-182 

43 

0-230 

0-16 

0-070 

0-160 

44 

0-318 

0-215 

0-103 

0-204 

45 

0-198 

0-08 

0-118 

0-207 

51 

0-037 

Absent 

0-037 

0-042 

52 

0-208 

0-08 

0-128 

0-179 


the results obtained with Witte’s peptone. The various degradation products of 
protein have been shown by Cohnheira to combine with varying amounts of 


^ An estimation of the phosphates present in the filtrate of a mixture of tea and toast 
differed little from that found in gastric contents -withdrawn from a normal person. 
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hydrochloric acid, and hence the results obtained with Witte’s peptone cannot be 
regarded as more than a rough guide, but the difference between the theoretical 
amount of ‘ protein-h 3 'drochloric acid ’ and that found by these methods is 
excessive. 

The analysis of a solution containing, Witte’s peptone is given as an illustra- 
. tion of what may occur with gastric contents ; — 


Solution — Phosphoric Acid 
NaCl 

Witte’s Peptone 
Water to . 


0-25 c.c. 

0-5 gramme 
1 gramme 
100 c.c. 


Analj^sis — Giinzberg’s Reaction 
Total Aciditj’’ 

Free Acid 

Total Chlorides 

Chlorides after evaporation 


= Negative 
= 62 

= 21 (0-077 %) 
= 8-4 
= 6-2 


The ‘active hj-drochloric acid’ thus amounts to 0-08 per cent. As Giinzberg’s 
reaction is negative, the solution cannot contain any appreciable amount of free 
hydrochloric acid. Hence in gastric contents all the ‘ active hydrochloric acid ’ 
would be regarded as combined with pi’otein. In this solution we know that 
there cannot he more than 0-035 per cent, of pi'otein-hydrochloric acid. The 
analysis is explained by the loss of 0-045 per cent, of acid through the interaction 
of phosphates and chlorides. 

In two cases the nitrogen has been estimated in gastric contents in which 
Giinzberg’s reaction was negative. The quantity is not above the average, and 
the result does not support the view that absence of free hj'^drochloric acid is duo 
to an excessive amount of protein combining with the hydrochloric acid. The 
amount of nitrogen does not vary greatly, except in two instances in which it 
was distinctlj’ above the average. In both of these the acidity was also high. 


Conclusions. 

1. The analj’ses of gastric contents bj’’ methods commonlj’^ in vogue show 
that all these methods are approxiinatelj’- accurate when the free aciditj’- is either 
normal or above normal, and inaccurate when the free acidity- is low. 

2. We agree with Dr. Willcox in considering the Prout- Winter method to be 
inaccurate in anj' circumstances. 

3. We do not agree that the estimation of ‘active’ (Willcox) hj’dro- 
chloric acid is either accurate or profitable. This conclusion is based on the 
following : — 

(i) That no further information is obtained from the active h 3 ’drochloric acid 
than from the total acidit 3 ' estimated b 3 ’’ phenolphthalein. 

(ii) When the fi'ee acidit 3 ' is low or absent the active h 3 'drochloric acid is 
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THE SYSTOLIC PRESSUEE AT DIEPERENT POINTS OF 
THE CIRCULATION IN THE CHILD AND THE ADULT ^ 

By LEONARD FINDLAY 

(From the Physiological Laboratory, Glasgow Univei'sitj'’) 

The question of the distribution of the pressure in the more central and 
. peripheral arteries was first studied by Hurthle (8), who found at different points 
of the arterial tree very different readings for the systolic pressure. According to 
Janeway (3), however, the lateral pressure in the small arteries, if not of too 
small diameter, has been proved by all i-ecent investigation to diminish extremely 
slowly with the increasing distance from the heart, and the fii-st appreciable 
fall takes place in the capillaiues. 

Although this latter opinion seems to be correct where more or less perfectly 
elastic arteries are concerned, when the walls of the smaller arteries, either from 
disease or as the result of musculai' contraction, are less elastic the difference 
between the central and peripheral pressures becomes very marked. 

For the estimation of arterial pressure in the more central arteries various 
modifications of the Riva-Rocci apparatus are used, while for the measurement 
of the pressure in the arterioles the Gartner’s tonometer may be emplo.yed. 
Since the conditions of the arterioles vai-y so considerably it is only natural 
to expect that the results of the tonometer observations should vary somewhat. 
It is probably on this account that the Gartner tonometer has never enjoyed 
a great popularity, and is not so suitable for ordinary clinical investigations as 
the modifications of the Riva-Rocci instrument. 

Hayaski (2) investigated the blood-pressure with both the Riva-Rocci and 
Gartner’s instruments in 58 adults and 108 children, and found that, iri'c- 
spective of age or sex, the latter gave the lower readings. The diflerenco 
between them was 21 mm. in the child and adult male, and 22 mm. in the case 
of women. Von Recklinghausen (6j, in contrast to Hayaski, obtained readings 
higher to the extent of 7 mm. in the fingei's than in the brachial arteiy. Muller 
and Blauel(5) in one case compared the results obtained with Gartner’s tono- 
meter and the kymograph. The estimations were carried out on a limb about 
to be amputated, canulae being inserted into the brachial and radial arteries and 


* In aid of the above research a grant was obtained from the Carnegie Trust. 
tQ.J.M-.July, igiM Kkg 
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the pressure directly measured, -wbile simultaneous readings -with Gartner’s 
instrument were taken. Their results (systolic pressure) were as follows : — 


Brachial Artery. 


Feather manometer . . 109 

Mercury manometer . . 94 

Radial Arterj’. 

Feather manometer . . 115 

Mercury manometer . . 106 


Gartner. 

Left middle finger . . . 110-115 

„ ,, ,, . . . 100-105 

Gartner. 

Left ring finger . . . 120-126 

„ ... 120-126 


Here a higher estimation was obtained at the digital artery than in either the 
brachial or radial arteries. This higher reading is probably to be accounted for 
by the fact that all sphygmomanometers give abnormally high estimations, as 
a certain amount of pressure is required to overcome the resistance of the 
arterial wall. This is a point about which there has been within recent years 
much discussion, Janeway and Hill holding that the arterial wall is a negligible 
quantity, while Russell on the other hand holds that it is the most important 
factor in arterial pressure as gauged by clinical methods. Muller and BlaueTs 
work with the kymograph, and the Gartner and Riva-Rocci instruments as well, 
lends support to the latter view. 

The observations which I am about to detail have been made on healthy 
and sick individuals of both sexes, and of ages varying between two and a half 
and fifty years. I have classified the cases into age periods of ten years each, 
and in the cases between twenty’- and thirty years the sexes have been separately 
considered. 

The Riva-Rocci instrument which I employed was an American model, and 
was provided with an armlet four inches broad. In using the tonometer I placed 
the ring, as advised by Gartner himself, on the middle phalanx of either the middle 
or ring finger, and used, as the sign of systolic pressure, not the first change 
in colour of the nail, but the sudden and general flushing of the same. This was 
a very definite phenomenon, and in the older patients was usually found to 
coincide with the appearance of a feeling of pulsation in the tip of the finger. 


Table I. 


Age from 2{’.j years till 10 years. 


No. 

Age. 

Bracli. Sys. Press. 

Digit. Sys. Press. 

Difference. 

1 

2y'.; years 

65 

70 

+ 5 

2 

sf „ 

70 

50 

-20 

3 

3 

CO 

80 

+ 20 

4 

o 

O .. 

SO 

80 

0 

5 

4 

75 

75 

0 

6 

4 „ 

75 

75 

0 

7 

4 

102 

95 

- 7 

8 

4 

98 

100 

+ 2 

9 

4 

85 

85 

0 

10 

4 

65 

65 

0 

11 

4 

70 

75 

+ 5 

12 

5 

75 

75 

0 

13 

0 y f 

90 

80 

-10 

1-t 


75 

75 

0 

15 

5 y, 

70 

70 

0 
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Table I {continued]. 


No. 

Age. 

Bi-ach. Sys. Press. 

Digit. Sys. Press. 

Difference 

16 

5 A years 

72 

68 

- 4 

17 

6 


75 

70 

-10 

18 

61 

)j 

90 

95 

+ 5 

19 

7' 

)) 

85 

80 

- 5 

20 

n 

}i 

98 

85 

-13 

21 

8 


95 

95 

0 

22 

81 

)) 

92 

90 

- 2 

23 


)) 

95 

90 

- 5 

24 

9 


85 

80 

- 5 

25 

9 

3} 

80 

75 

- 5 

26 

9 

jj 

90 

86 

- 5 

27 

10 


95 

90 

- 5 

28 

10 

jj 

85 

80 

- 5 

29 

10 


85 

85 

0 

30 

10 


125 

125 

0 


Average difference = 4-6 mm. 


Table II. 


Including cases between 10 and 20 yeai-s. 


No. 

Age. 

Bracb. Sys. Pi-ess. 

Digit. Sys. Press. 

Difference. 

1 

lOJ years 

98 

95 

- 3 

2 

104 „ 

85 

83 

- 2 

3 

lOi „ 

95 

95 

0 

4 

10^ „ 

95 

95 

0 

5 

11 » 

95 

100 

+ 5 

6 

11 

100 

90 

-10 

7 

11 n 

70 

70 

0 

8 

12 „ 

80 

70 

-10 

9 

12 „ 

95 

90 

- 5 

10 

12 „ 

135 

100 

-35 

11 

14 

90 

85 

- 5 

12 

14 „ 

93 

70 

-23 

13 

14 „ 

80 

75 

- 5 

14 

14 „ 

85 

80 

- 5 

15 

15 „ 

85 

85 

0 

16 

15 „ 

100 

70 

-30 

17 

19 „ 

120 

120 

0 

18 

19 „ 

110 

105 

- 5 


Average difference = 8 mm. 


Table III. 


Including cases between 20 and 30 years. 


No. 

Age. 

A. ^fales, 

Brach. Sys. Press. 

Digit. Sys. Press. 

Difference. 

1 

21 years 

100 

70 

-SO 

2 

23 „ 

110 

80 

-30 

3 

25 „ 

110 

80 

-SO 

4 

26 „ 

115 

100 

-15 

5 

26 ., 

105 

100 

- 5 

6 

26 „ 

115 

70 

— 45 

7 

26 „ 

112 

90 

-22 

8 

21 „ 

140 

120 

-20 




Average difference 

= 22-1 mm. 
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Table III (continued). 


B. Females. 


No. 

Age. 

Brach. Sys. Press. 

Digit. Sys. Press. 

Difference. 

1 

21 years 

105 

100 

- 5 

2 

22 „ 

125 

100 

-25 

3 

30 „ 

125 

115 

-10 

4 

30 „ 

140 

135 

- 5 

5 

30 „ 

125 

no 

-15 


Average difference = 13 mm. 


Table IV. 


Including males between 30 and 40 years. 


No, 

Age. 

Brach. Sys. Press. 

Digit. Sys. Press. 

Difference. 

1 

31 years 

102 

80 

-22 

2 

31 „ 

no 

100 

-10 

3 

31 „ 

100 

70 

-30 

4 

31 „ 

100 

70 

-30 

5 

31 „ 

155 

100 

-55 

6 

35 „ 

no 

90 

-20 

7 

35 „ 

105 

85 

-20 

8 

35 „ 

115 

80 

-35 

9 

37 „ 

125 

80 

-45 

10 

38 „ 

113 

70 

-43 

11 

38 „ 

100 

50 

-50 




Average difference = 32 mm. 



Table V. 




Including males between 40 and 50 years. 


No. 

Age. 

Brach. Sys. Press. 

Digit. Sys. Press. 

Difference. 

1 

42 years 

158 

70 

-88 

2 

43 „ 

115 

75 

-40 

3 

43 „ 

165 

no 

-55 

4 

45 „ 

no 

50 

-70 

5 

45 „ 

145 

G5 

-80 

G 

45 „ 

no 

70 

-40 

7 

45 „ 

no 

70 

-40 

8 

47 „ 

no 

90 

-20 

9 

47 „ 

100 

90 

-10 

10 

4S „ 

142 

140? 

- 2 


Average difference = 44-5 mm. 


A most striking feature in these tables is the gradually increasing difference 
between the so-called central, or brachial pressure, and the peripheral, or 
digital pressure. During the first decade the average difference amounts to 
4-6 mm. of mercury. In the majority of the cases the brachial reading is 
higher than the digital, though in 20 per cent, the opposite is found. Between 
ten and twenty years this difference rises to 8 mm., and in only 5 per cent, of 
the cases is a higher peripheral reading obtained. From twenty to thirty years 
the difference is still higher, registering for men 22-1 mm. and for women 13 mm., 
and in every case the brachial blood-pressure recorded the higher register. In 
the case of men between thirty and forty years the average difference is 33 mm,, 
and for men between forty and fifty years 44-5 mni. 
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Ifc is thus seen that the older the individual and the higher the blood- 
pressure, the gi-eater is the difference between the central and peripheral readings. 
This state of matters under the latter condition is well borne out in the cases 
which have an abnormally high blood-pressure for their age, the difference 
in these instances exceeding the average. 


Table VI. 


No. 


Age. 

Disease. 

Brach. 

Digit. 

Differ- 


Normal differ- 


Sys. 

Sys. 

Average. 

ence for this 




Press. 

Press. 

6IIC6. 


age period. 

1 

4 years 

Acute Bright’s 

102 

95 


8-5 

4-6 

2 

10 


Bronchitis 

110 

100 

101 

3 

12 

JJ 

Nephritis 

135 

110 

25 

25 

8-0 

4 

22 

„ (f.) 

Nephritis 

195 

130 

65 

65 

13-0 

5 

32 

fJ 

Nephritis 

190 

120 

70) 

85 

32-0 

6 

35 

Jf 

Nephritis 

180 

80 

100 J 

7 

42 

u 

Double Aortic 

158 

70 

88 \ 



8 

9 

43 

43 

V 

)) 

Acute Bright’s 
Acute Bright’s 
Acute Bright’s 

165 

185 

110 

130 

55 

55 ■ 

73 

44-5 

10 

44 

i* 

185 

90 

95) 




Moreover, in acute Bright’s disease, where estimations were made before and 
after the fall in the blood-pressure, the same point is observed, viz. the 
higher the pressure the greater the difference between the central and peripheral 
readings. 

Table VII. 

(a) J. M. (female), acute Biiglit’s disease. 

Brach. Digit. Difference. 

23/1/09 195 130 65 

30/1/09 125 110 15 

(J) J. R., aged 35 years (male), acute Bright’s disease- 

Bnich. Digit. Difference. 

23/11/08 180 80 100 

8/12/08 115 80 35 

(c) A. P., aged 26 years (male), acute Bright’s disease. 

Btach. Digit. Difference. 

17/1/11 145 105 40 

21/1/11 95 70 25 

How can we explain this phenomenon ? To my mind the cases of high 
blood-pressure in acute Bright’s disease give us a clue to the explanation. In 
the condition of high blood-prcssuro there is an increased tonus of the arterial 
wall, which acts in a ‘ stop-cock ' fashion, cutting off to a certain extent the 
pressure wave. By the use of arterio-constrictors, in man and animals, I have 
been able to induce this increased arterial tonus experimentally, and have 
obtained results which lend considerable support to this view. 
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In the experiments on animals, cats being used, I employed intravenous 
injections of adrenalin, and estimated simultaneously the pressure in the carotid 
artery by means of, the kymograph, and in the smaller arteries of the paw by 


Gartner’s' tonometer. The 

following are the 

results obtained 

— 

Experiment I. 

Carotid. 

Paw. 

Difference. 

Before drug 

110 

60 

50 

After adrenalin, 1st dose . 

170 

55 

115 

„ „ 2nd dose 

190 

50 

140 

Experiment II. 

Before drug 

80 

30 

50 

After adrenalin 

140 . 

45 

95 


Experiment III. (In this case both vagi were cut in order to avoid cardiac inhibition.) 



Carotid. 

Paw. 


Difference. 

Before drug 

146 

80 


66 

S> 5> ... 

164 

150 


14? 

After adrenalin, 1st dose . 

200 

150 


50 

„ „ 2nd dose 

164 

50 


114 


The last experiment is not so convincing as the other two, but nevertheless 
they all demonstrate the same point — that the constricted arteries cut off the 
pressure wave, so that by the use of such drugs (arterio-constrictors) it is 
impossible to raise the peripheral pressure equally with the central. 

So far as the human subject is concerned I experienced great difficulty in 
obtaining a substance which, without being injected intravenously, would raise 
the blood-pressure. Ultimately I found a satisfactory drug for this purpose in 
Dale’s S 3 'nthetic preparation called ‘ Tyi’amin ’ (1) (parahydroxj'phenylamine), 
manufactured by Burroughs, Wellcome & Co. Intramuscular injections of this 
drug in doses of from 20 to 80 mgs. caused a sudden and marked rise in the 
blood-pressure. The effect was noticed within five minutes, reached its maximum 
within ten minutes, and in aU my subjects had entirely disappeared within 
twenty’’ minutes, but as a rule the effect passed off within fifteen minutes. 
Sometimes, and especiall}’^ when large doses were given, there was a secondary 
fall in the pressure. The cardiac pulsations were slowed and greatly increased 
in force. The larger doses were, unfortunately’’, accompanied by excruciating 
headache, of which I can speak from experience, and which persisted for some 
time after the return of the pressure to normal. It w’as thus almost certain that 
in the cerebral arteries there was also a considerable rise in the pressure — a point 
which would make me very careful of its use in adults, as to my mind the risk 
of cerebral haemon'hage must be considerable. It was also found that the 
higher the blood-pi’essure the gi'eater was the difference between that registered 
at the brachial and at the digital ai-teries. The twm following charts may 
be taken as ty’pical of the effects of a moderate and of a large dose of tyramin. 

As further supporting the idea that the increased rigidity or tonus of the 
arterial wall is the cause of the gi'adual fall in blood-pressure, the behaviour of 
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the pressure -wave as it passes along tubes of varying consistency may be cited. 
It is known that the lateral pressure of fluid in a tube with a free outlet behaves 
different!}' according to the type of material of which it is composed. In 
a rigid tube there is a steady and gradual decline in the pressure as the outlet is 
approached (Fig. 1), while in an elastic tube the pressure at first suddenly 
falls, and then either preserves a steady level or only very gradually continues to 
descend (Fig. 2). This latter curve is di-a-wn to scale from the experimental 
tracings of Marey showing the rate of passage of the pulse wave along an elastic 
tube, which are reproduced by McKendrick (4). The amplitude of the pulsations 
has been taken as the measure of the lateral pressure. 




As the sj’Stolic pressure in the brachial artery is lower than what obtains 
in the first part of the aorta, it is not unlikely that in the case of children 
with elastic ai-teries there is a sudden and great fall in the pressure before the 
brachial artery is reached ; and from there on-wards, at least as far as the digital 
arteries, the same level is preseiwed. In the adult, whose arteries are more or 
less sclerosed, or in acute Bright’s disease, where the arteries are tonically 
contracted, the elasticity of the vessel is diminished and more nearly approaches 
the character of a rigid tube. In these cases there will be a steady decline in 
the blood-pressure from the centre to the periphery. 

However we may explain the condition the fact remains that the transmission 
of the pressure -wave from centre to periphei-y behaves differently in the child 
and in the adult. In childhood and youth, and for a longer pei-iod in women 
than in men, the systolic pressure at the digital artery equals that registered 
at the brachial artery. In the adult, on the other hand, and in diseases 
accompanied by high blood-pressure (arterio-scelerosis and Bright’s disease), the 
s 3 -stolic brachial pressure is much higher than the systolic digital pressm-e. 

In conclusion I must acknowledge my thanks to Prof. D. Noel Paton, at 
whose instigation this work was commenced, and in whose laboratory some of 
the experiments were carried out. 


ConclusioTis. 

1. During childhood and youth the systolic arterial pressure is fairly uniform 
at different points of the circulation. 

2. In adult life the peripheral systolic pressure is lower than the central, and 
the difference between them increases -svitli a"e. 

O 
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3. The difference greater than normal between the central and peripheral 
systolic pressures in cases of hyper-tension — from disease or experimentally 
induced — supports the idea that the behaviour of the pressure and its variations 
depends upon changes in the. elasticity of the vessel wal]. 
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CONTRIBUTION TO THE STUDY OP THE FUNCTION OF 

THE A-V BUNDLE 

Bt peter F. HOLST axd G. H. MONRAD-KROHN, 
RiksLospitalet, Christiania Universit}*. 


With Plates 41-46 

Both expeiiment and clinical experience have shown the importance of the 
a-v bundle in conveying the stimulus from auricle to ventricle, and numerous 
experiences from pathology illustrate how the co-operation between these two 
parts of the heart may be disturbed by pathological changes in the said bundle. 
However, it has not yet been fully demonstrated to what extent the a-v bundle 
is the only way by which the functional connexion between auricle and ventricle 
may be established. Ceiiain phenomena appear to indicate that a regular 
co-agency between auricle and ventiiclc can perhaps be established, at least for 
some time, even if the bundle is put out of action. On the other hand, neither 
is it fully demonstrated to what extent and in what manner this co-operation 
between auricle and ventricle can be diminished or destroyed by certain 
conditions outside the a-v bundle itself. In both these respects, the cases which 
are to be discussed below may perhaps contribute towards extending our know- 
ledge to some degree. 

Case AV J. 

Adams-Siokes syndrome with chronic bradycardia for many months, 
internqjtcd by short paroxysms of tachycardia. The j)ost-inortem microscopical 
examination of the heart shoius a destruction compdctcZy across the chief trimlc 
of the a-v bundle. 

The patient was 72 year's of age, and lay in the University Hospital, 
Christiania (‘ Rikshospitalct ’), from Sept. 18, 1906, until his death, July 27, 1907. 
He was quite well until shortly before his admission to the hospital, when 
he began to suffer from fainting fits. In the hospital it was found that he 
suffered from mitral regurgitation, with some hypertrophy of the heart, some 
artcrio-sclerosis, and a slight effusion into the left pleura. There was also a trace 
of albumin in the urine. The pulse, which was full and of high tension (the 
arterial systolic tension 195 mm. by Riva Roeci’s manometer), was not always 
i-egular, extra-systoles appearing now and then. These extra-systoles were 
without compensatory pause, as is to be found when extra-systoles appear in 
a ventricle woi'king automatically, as is pointed out by Wenckebach (7). Such 
extra-systoles appeared on the whole but seldom ; as a rule the pulse was I'egular, 
or evinced now and then irregularities which could not be declared as extra- 
systolic. It was only immediately after the paroxysms, which will be described 
later, that extra-s^'stoles appeared constantly and in greater numbers. Between 
the attacks the speed of the pulse was generally 20-30 per minute. Exertion 
did not increase the rate of the pulse, nor did a subcutaneous injection of 
1 mg. atropine. 

At the apex two sounds were heard, the first soft blowing. 

IQ. I. M., July, igii.l 
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The veins of the neck -were somewhat swollen. . For every beat at the apex 
two or three pulsations in the veins of the neck could be counted, and on the 
Rontgen screen it could be clearly seen that the auricle contracted at a much 
gi-eater speed than the ventricle : 60-70 auricle contractions per 20-30 ventricle 
contractions could clearly be counted. Among the numerous tracings taken 
between the attacks, Fig. 1 shows cleai-ly a complete heart-block and Fig. 2 
shows the same with tracing from the liver above and radial below; Fig. 3 
shows a long radial intermission without loss of consciousness, with indications 
of anacrotism in the first pulsations after the intermission. 

The attacks. The patient, in addition to a number of sh'ght attacks of 
giddiness, had four more serious attacks, with loss of consciousness and sometimes 
indications of convulsions. 

The first of these attacks occurred in the evening of Jan. 24, 1907, when the 
patient suddenly fell unconscious on the fioor. The house physician, who 
arrived almost immediately after, described his condition as follows : — 

The patient was cyanotic ; after a few deep respirations breathing entirely 
stopped. The apnoea lasted a rather long time. 

The pulse and heart’s action during the seizure were easy to count, both 
140 per minute, quite regular. After the apnoea had lasted a Avhile he woke up 
at once to full consciousness. After the attack the frequency of the pulse sank 
rapidly. Ten minutes after the commencement of the attack it was 120, 
fifteen minutes after it was 60, and three-quarters of an hour after it was 35. 
During the night the patient had four more slight, quite brief attacks of fainting 
and a short fit of shivering. 

The day after the attack he was slightly confused, but was otherwise in his 
normal condition. He had no recollection of what had taken place. On 
May 22, July 3, and July 26 the patient had an attack that in all essentials 
resembled the one described. By the second one unconsciousness lasted several 
minutes ; the frequency of the pulse during the attack was 156, the pulse was 
regular and equal ; ten minutes after the commencement of the attack the 
frequency had gone down to 56. The last attack (July 26) was the most severe. 
The house physician, who arrived five minutes after the attack, found the patient 
unconscious, strongly cyanotic, perspiring, in complete apnoea ; the pulse could 
not be felt, no movement of the veins of the neck could be perceived, the muscles 
of the abdomen were greatly contracted. After artificial respiration had been 
applied the patient began to respire, at first stertorously, irregularly, whilst the 
respirations were now and then inteiTupted by hiccoughing. Just after the 
respiration commenced again the pulse was 160, regular; forty minutes later 
it was 56. It was only after about one and a half hours that the patient came 
to full consciousness. The urine passed after the attack contained albumin, but 
no sugar. (The urine was by chance also examined immediately before the 
attack. It was then free from albumin.) The patient died the next night quite 
suddenly, probably under an attack. The post-mortem examination (Professor 
Harbitz) showed briefly the following : — 

The heart was enlarged throughout (weight 590 grm.). The mitral valve 
calcified and the mitral ostium somewhat contracted. The calcareous infiltrations 
were continued into the septum membranaceum ; on the right side this calcifica- 
tion could be seen (cf. Fig. 4) as a projecting knot, the size of a pea and calcified 
right through, occupying the front part of the septum membranaceum. 

Also the aortic valves, especially the left,, were calcified so that the 
calcareous encrustations from the mitral valve and septum membranaceum were 
continued directly to the aortic valves. 

Both of the coronaries were calcified, but in no place obliterated or con- 
tracted. Macroscopiciillj’ the muscles of the heart appeared normal, excepting 
ceitain small fibrous scars in the left ventricle. The macroscopic appearance 
of the calcareous knot and its situation alone made it highly probable that the 
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main trunk of the a-v bundle must be damaged by the calcareous masses to 
a greater or lesser extent. The microscopic examination also shovred that the 
main trunk of the o.~v bundle had disappeared entirely, leaving not a trace of its 
normal tissue in the great calcareous knot. (Cf. Fig. 5, a, 6, c, d.) 



The microscopic examination was carried out by Dr, Monrad-Krohn (6), and 
his description makes a link in a paper on the muscle connexions between auricle 
and ventricle in human hearts ; a work for which the avithor obtained the. 
University’s gold medal. The investigations were so carried out that the 
calcareous encrustation with its immediate surroundings "svas cut out, divided 
into two pieces (I and II in Fig. 4), decalcified, embedded in celloidin and there- 
upon cut into serial sections, of which every third or every fourth section was 
examined after having been stained in acid haematoxylin (P. Mayer) and orange. 
As regards the results of the investigation we refer to the accompanying 
drawings (Fig. 5, a, b, c), and further we may add : 

The pieces marked I and II (Fig. 4) were wholly cut into serial sections, 
frontally, beginning from the back and following the a-v bundle as it proceeds 
Irom atrium to ventricle ; on an average eveiy fourth section was examined. 
In the first sections the auricle muscles are seen to extend downwards along the 
right .side of the beginning of the septum merabranaccum. We here see how 
little by little the (f.-v bundle — ‘ the Icnot ’ — limits itself or tightens into a more 
collective mass, that on the other hand stands in direct connexion with the 
auricle muscles, which arc here somewhat infiltrated with fatty tissue. In 
section No. 6S (Fig. 5, a) we see partly in the a~v bundle and partly in the 
surroundings certain small calcareous foci and lymphocytic infiltrations, and in 
the following sections wc obsciwe how the calcareous masses assume a larger and 
larger space, so that those in Fig. 5, c (section No. 65) take up the whole site 
of the v-v bundle. This is seen even more clearly in Fig. 5, d (section No. 10), 
in which the whole site of each a~v bundle is represented essentially by a large 
hollow (as the result of decalcification), and where corresponding to the calcareous 
knot, visible to the naked eye, we can see the endocardium prominent to the 
right. We find no trace of the ft-v bundle in both these figures. All the figures 
are diagrams from drawings of prepai'ations w'ith Leitz drawing ocular (ocular I, 
objectiv I). 

It appears from the investigations that the main trunk of the a-v bundle 
viinishes entirely in the large, calcareous mass which fonns the contents of the 
largo prominence, the size of a pea, so clearly seen macroscopically in Fig. 4. 

In complete agreement with these anatomical changes are the tracings 
previously discussed, which were taken from the patient and Avljere the regular 
•signs of a complete Ijeart-block appear (Figs. 1 and 2). 

What meanwhile is not in complete agreement with the said changes is in 
the fimt instance the tachycardia, which appears immediately after the more 
severe attacks, and in the second instance certain tracings which were taken 
between the attacks towards the end of the patient’s life, and w'hich appear to 



THE FUNCTION OF THE BUNDLE 501 

show that co-operation between the auricles and venti-icles was not quite 
broken off. 

First the tachycardia. It has usually been taken for granted that the 
automatically working ventricle acts at a maximum speed of 40 beats per minute. 

Mackenzie (5) says that if the ventricular contractions ai‘e over 36 per 
minute there cannot be a complete block between am-icle and ventricle, and if 
the fi'equency is below 30 then the ventricular contractions probably are 
independent of the auricle ; and Hering and others express similar opinions. 
There are, however, some experiences which appear to show that the action 
of the heart at least periodically may attain a greater frequency, even if 
the stimulus conduction through the Or-v bundle is rendered impossible. First 
and foremost is remaikable in this respect a case which Aug. Hoffmann (3) 
relates in his lecture on ‘ Anatric ’ heart-action, where according to the descrip- 
tion there were clinically signs of a complete heart-block, and where the 
microscopic post-mortem examination shows ‘ deep destruction of the a-v bundle 
and its branches, amongst which old sclerotic scars, fresh infiltratious, together 
with new and old hemorrhages The pulse of this patient was usually slow 
(sometimes right down to four beats per minute), and he was suffering from 
syncopal attacks with convulsions ; but sometimes after these attacks the speed 
of the ventricular contractions rose considei’ably — up to 120 contractions per 
minute, partly regular, partly in-egular. 

A case described by Heineke, MUller, and Hosslin, (2) also is to be 
mentioned in this connexion. Here the pulse rate sometimes rose to 72 beats 
per minute, and a distinct relationship between the ventricular and the auricular 
waves in the jugular pulse was evident in the tracings, though the post-mortem 
examination proved that the a~v bundle w^as completely destroyed by fibrous 
tissue partly calcified. 

We could produce other cases from literature, even if not so convincing as 
the above, in which the heart, in spite of an existing ventricular automatism, 
periodically beats with considerably greater rapidity than we usually see in such 
conditions. The last two cases here reported appear at any rate to show — even 
if not quite to prove — that, on the one hand, ventricular action can be frequent 
in spite of the destruction of the a-v bundle, and, on the other hand, that 
co-operation between auricle and ventricle is not necessarily dissolved because 
the a-v bundle has been put out of action. 

Also in the case described here, where the post-mortem examination compels 
us to assume that the relationship between auricle and ventricle along the 
a-v bundle must have been quite broken for a long time before death, and where 
also all the signs of a complete block have long been present, there occur 
attacks of gi'eat frequencj’’ of the pulse. And the tracings from the last weeks 
of the patient’s life show that the stimulus conduction from auricle to ventricle 
must have been to some extent restored, though the result of the post-mortem 
a little later makes it more than probable that the main trunk of the a-v bundle 
must have been, so to say, cut across by the large calcareous knot. 
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Y'e have no tracings from the more serions attacks, but Figs. 6, 7", and 8 
vrere taken shortly after the first, third, and fourth attacks. These shovr, as 
regards Fig. 6, the numerous estra-systoles "vvhich vanished vrhen the heart- 
action again became -quiet. Fig. 8 shows the radial tracing below ; the upper 
tracing is from the spot over the left jugular vein (just above the clavicle) from 
■whence, in the case of this patient, it was other'wise al-ways eas^* to obtain dear 
jugular tracings, but -where just after the more severe attacks -we could never 
obtain any distinct phlebogi-am. The tracing -was taken ten minutes after the 
third attack, that is, about three -weeks before the patient’s death. 

These tracings thus do not show us the condition of the pulse in the neck 
vein during these attacks. But besides the more severe attacks the patient had 
also a number of abortive attacks -without loss of consciousness. The appearance 
of the venous pulse during these abortive attacks -will be seen from Fig. 9, and 
especially from Fig. 10. In the latter the auricle is seen to beat quite regularly, 
as long as the intermission lasts fit lasted, however, somewhat longer than the 
tracing shows, the paper being too short to take the whole of the intermission). 
Fig. 9 also shows another phenomenon : the first part, of the tracing shows a clear 
and constant relation between the contractions of auricle and ventricle, so that 
before each c wave in the jugular tracing there is a clear a wave, the distance of 
which from the c wave is everywhere about the same, that is, three-fifths of a 
second. The same can also be seen in the other tracings taken on the same day. 
Comparing the first part of this tracing -with Fig. 1, we notice a striking differ- 
ence : in Fig. 1 the auricle and ventricle beat separately -without any demonstrable 
regular relationship : in Fig. 9 the ventricle contractions appear to be directed 
by the auricle contractions, even though the period taken to convey the move- 
ment from auricle to ventricle is abnormally prolonged. Thus in the one 
tracing total block, in the other a greatly injured conductivity. The tracing in 
Fig. 9 was taken seventeen days before the patient’s death, that is, at a period 
when we quite certainly may assume from the results of the microscopic 
examinations that the stimulus conduction through the a—v bundle had been 
rendered impossible. It appears then as if in this case, as in the one earlier 
discussed of Heineke, the stimulus has been conducted from auricle to ventricle 
in spite of the fact that the trunk of the a-v bundle was destroyed right through 
its transverse section. It cannot be said by what track this conduction has 
gone, for we have searched in vain for muscular connexion in the place of the 
a-v bundle. It is noteworthy that it was onlj- in the last weeks of the patient’s 
life that signs appeared of such a connexion, for previously the tracings bad 
always an appearance that, as in Fig. 1, showed an unquestionably complete 
dissociation. 

Neither can it be said with certainty in what manner the tachj'cardial 
attacks were brought about. Hoffmann (1. c., p. 623) believes that the ventricle, 
the relationship between auricle and ventricle being broken, l>eats with a 
different rate and rhythm from regular bradycardia to regular tachycardia, 
eventuallv with extra-systolic arrhythmia or complete irregularity. 
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' In the case here referred to as explanation of the periodical paroxysms of 
tachycardia, the possibility of a conduction of the stimulus outside the a-v 
bundle is to be mentioned (cf. the relationship between auricular and ventricular 
function' appealing in the tracing in Fig. 9). 

Not many cases are known where the trunk of the a-v bundle has quite 
surely been destroyed right through its transverse section, and where also exact 
tracings from veins and arteries have been taken, 

Nagayo mentions in his work from 1909 that he has found only four cases 
of Adams-Stokes disease which have been exactly investigated anatomically, 
and in which the a-v bundle was completely destroyed. In the case of two of these 
(Keith and Miller’s case and Lucas and F’ahr’s) the tracings are lacking, and in the 
remaining two (Ashton’s and Heineke’s) we find both tracings and anatomical 
examinations. To these four cases Nagayo adds his own, without tracings. 
The result of the clinical and anatomical examination in this case seems to 
indicate that the conduction of the stimulus is not only and exclusively 
a function of the a-v bundle : there must exist some other ways for this con- 
duction under certain circumstances. In this regard our case is a supplement 
to the case of Heineke mentioned on p. 501. 

Case Ao, II. 

Aclams-Stohes syndrome with normal a-v bundle^ but strongly pronounced 
degenerative neuritis in both vagus nerves. Diabetes mellitus. 

The patient, a man 54 years of age, who had always been in good health, 
free from alcoholic intoxication and syphilitic infection, began to feel weak some 
months before his death ; he had two or three brief attacks of fainting, and the 

g iysician he consulted on this account found 5 per cent, of sugar in his urine. 

e was put on diabetic diet, the sugar disappeared, and the patient got on veiy 
well on the whole until about one week before his death, when one day he 
suddenly had a series of fainting fits. He was at once taken to the hospital, whore 
he arrived in such a serious condition that no complete examination could be 
undertaken. One fainting fit succeeded another at quite short intervals. The 
longest of the syncopal attacks lasted about one minute. Between the attacks the 
pulse frequency was about 26 ; the pulse was regular and full ; during the attacks 
it was at times slower and at others completely disappeared. The respirations 
during the attacks were to some degree deeper and strongly stertorous, wlrilst 
during the shorter attacks respiration completely stopped and showed indications 
of the Oheyne-Stokes type. During the fii-st night in the hospital the patient 
had up to twenty-seven fainting fits per hour. 

The day following his admission to the hospital (Oct. 31, 1907) his condition 
was practically unchanged, but the attacks were now more severe. There rvas, 
however, at times so long intervals between them, that a more complete examina- 
tion could be accomplished. 

The patient was a strong, well-built, and well-nourished man. Between 
the attacks the pulse-frequency varied from 24 to 80 (just after an attack). No 
apex beat could be felt, the heart-sounds were normal, the action of the heart 
nearly regular, and of the same frequency as the radial pulse. The heart dull- 
ness was somewhat large. No plain venous pulse could be seen in the neck. 
The urine contained no albumin, but 5-9 per cent, of sugar, no diacetic acid, 
sp. gi’. 1035. 

During the eight days that the patient lay in the hospital, there occurred 
a series of attacks which came partly incessantly one after the otlier, parti}- 
[Q. J. M., July, igii.l L 1 
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■with some hours’ interval between them. All the attacks appeared to be some- 
what similar. The more sevei'e began with the disappearance of the radial 
pulse. The patient became pale, moved bis bead from side to side once or twice, 
or else turned it to the right, and then lost consciousness often in the midst 
of a sentence he was uttering at the moment. Then respiration stopped or 
became weaker, the eyes half closed and the globes were turned upwards and to 
the right. After complete apnoea or quite superficial respiration had lasted foi- 
twenty to thirty seconds, respiration began strongl}^, stertorous, increasing in depth. 

When a certain amount of strength of respiration had been attained, the 
radial pulse was suddenly felt, first some weak beats which then increased rapidly 
in strength and frequenc3^ Immediately after the attack up to 80 beats in 
radial per minute -were counted. Almost at the same time that the radial 
pulse began to be perceptible, or a little before, a strong flush suddenl}'^ passed 
over the pale face, he raised his eyes and. consciousness suddenly returned, whilst 
lie often asked if he had been asleep. During the attacks small convulsions 
were sometimes observed in both ai’ms. At the beginning of an attack the 
pupils expanded ; they contracted when the face became red towards the end of 
the attack. During the attacks no evident movement in the veins of the neck 
could be discerned. Between the attacks the pulse frequency, as alread}' 
mentioned, was variable, commonly between 24 and 40 ; after the attacks it was 
more frequent, and on one occasion 80 beats w^ere counted. The pulse was of 
high tension, sometimes regular, at other times irregular. On Oct. 31 the 
patient received, at 6, 8, and 11 o’clock p.m., 1 mg. atropine subcutaneously. 
The attacks, that had been incessant before the injections of atropine, became 
more rare after the second injection, although the injection bad no perceptible efieot 
on the pulse frequency. The injections of atropine were repeated several times 
on the following daj^s, wfithout other effect than that, as before said, the attacks 
perhaps became less frequent. After this condition had continued as described 
for eight days, the patient died with severe pain in the right side of the chest and 
dyspnoea. Previous to death the pulse ivas weak, with occasional frequcnc}’’ up 
to 100. The attacks were much less frequent in the last four days, and for twm 
days he was entirely without attacks. At the post-mortem examination the 
heart was found to be hj-pertrophied, dilated, and to some degree infiltrated 
^Yith fat ; it weighed 510 grai. 

The subpericardial fat was highly developed, especially over the right half of 
the heai’t, -where the muscles were also somewhat infiltrated with fat without 
showing any signs of fattj' degeneration. Incipient arterio-sclerotic changes in 
aorta were present. The coronary arteries normal. An embolus was found in the 
right pulmonary artery, with an incipient haemorrhagic infarct in the lung. The 
other organs were found in all essentials normal. The microscopic examination 
of the a-v bundle ^ showed that it was mixed with fatty tissue with large fat 
cells, perhaps to a little higher degi'ee than is found on an average, but, however, 
not outside the normal limits. The fatty tissue was found especially in the main 
trunk and also in the left branch. The a-v bundle -was also somewhat hyperacmic 
(a post-mortem phenomenon ?), but not especiallj’’ stronglj’’ marked. On the whole 
the a-v bundle presented no clear pathological alterations. 

In both vagus nerves there w^ere found very impoHant anatomical changes. 

In unstained preparations from the upper part of the nerves black drops 
of fat could be seen around the nerve." In sections whei-e the nerve is longi- 
tudinall}' cut, the fibres are to a large extent brownish-black to black. Such 

’ Examination carried out by Dr. Monrad-Ivrobn with the same method of investigation 
as in Case No. I. The whole main trunk of the bundle was examined in serial sections. 

’ The vagus on both sides of the neck was removed and from three points of the 
removed nerve sections were examined (from the upper, the middle, and the lower pari of 
nerve-trunk). The vagi, as the other parts of the nervous sj’stem microscopically examined, were 
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black fibres are found partly through long stretches of the nerve, and they 
are on the whole rather homogeneous, although in places it gives the impression 
of a kind of accumulation of small gi-anules of different sizes. In places where 
the section has been made across the nerve, we find, in addition to swollen black 
nerve fibres, a similar number of more yellowish normal fibres. 

The middle portion of the neck vagus shows on the whole the same aspect 
as described above, but the black parts of the nerve fibres are seen to be more 
extensive, so that the majority of the nerve fibres are black ; the black round or 
cylindrical formations are seen on closer inspection. to be formed by numerous 
small granules or fragments. 

In sections from the lower portion of the nerve (about where the cardiac 
branches come off), extensive black cylindrical formations were seen, consisting 
of extremely fine small black granules, lying spread in the larger bundles. (Gf. 
Fig. 11.) 

Examination of the right vagus showed the same appearance as that 
described for the left. 

In haematoxylin stained sections no signs of inflammation were to be seen. 
The right and left middle cervical sympathetic ganglion and the cardiac sympa- 
thetic ganglion, prepared in exactly the same manner as the vagus, showed nothing 
abnormal. 

The medulla oblongata showed in the upper half of the fourth ventricle and 
in the lower half no degenerated nerve fibres. The ganglion cells at the bottom 
of the fourth ventricle, amongst which are the vagus nuclei, showed an extremely 
finely granulated grey-black coloration (lipochromate), but no signs of 
degeneration. The hypophysis showed its normal structure without any sign of 
inflammation or degeneration. (Professor Harbitz, Dr. Backer-Grondahl.) 

The chief interest in this ease lies in the fact that in all probability it must 
be regarded as a case of Adams-Stokes disease of vagal origin. Thei’e is, 
however, a difference of opinion as to whether there may exist any certain case of 
Adams-Stokes disease of vagal origin. 

A. Nayago, who appears to accept without further question a number of 
cases of Adams-Stokes disease from the older litei-ature as being of vagal origin, 
reports fi’om the newer literature one case of Levy, without post-mortem, and 
one of Lepine, also without post-mortem, as ‘ indubitable cases of neurogenous 
form At the French Congress for Medicine in 1910 Vaquez, after having 
discussed the bradycardias that are due to lesion of the a-v bundle, says there 
only exist two certain observations of Stokes-Adams disease which can be 
referred to the vagus. One of these is described by Esmein (1), the other by 
Laslett(4). So far Vaquez. But Hering says, about the same period, during 
the discussions in the German Medical Congress (cf. Verh. des deuUcUen 
Kongresses f. inn. Med., 626), that in his opinion no certain proof that 
Adams-Stokes disease can be of neurogenous origin has so far been produced. 

In these circumstances we may be allowed to recapitulate the main features 
in Esmein’s and Laslett’s cases. Fsmein's patient was 23 years of age, 
and presented the appearance of an Adams-Stokes bradycardia with syncopal 
attacks. The following characteristics were present : — 

prepared in this manner: fixation in formol for several days, then for a couple of weeks in 
Muller’s liquid, then for a week in osmic acid and sodium iodate solution ; w.a.'hing and 
embedding in celloidin. The sections were examined partly not stained, partly .stained in 
haematoxj'lin. The necropsy was made fifteen hours after the death, in the v, •inter. 

I. 1 2 
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1. The bradycardia, although usually present, was not permanent. Now 
and then, especiall}’’ when the patient awoke after the attaclcs, the pulse frequency 
attained a normal height (‘comme si la reprise du fonctionnement actif des 
centres nerveux avait eu une influence ddterminantc sur la production de la 
bradycardia’). During a febrile illness the bradycardia disappeared, and it 
also disappeared during a brisk walk (there even then appeared a passing 
tachycardia). Moreover, bradycardia regularly disappeared when atropine was 
injected. 

2. The bradycardia was alwa 3 's moderate, never under 40. 

3. It was never possible to observe the ordinary signs of total dissociation 
in the tracings, but the latter showed various other abnormalities in the heart 
action. Thus at one time an incomplete dissociation between auricle and 
ventricle could be proved, at another time an auricular contraction failed to appear 
in front of a ventricular sj'stolo, or, again, there was a true total bradycardia which 
comprised the whole heart. According to Esmein these characteristics agree 
fuUy with the bradycardia, which can bo produced experimentally by the 
irritation of the vagus. Esmein therefore considers himself justified in be- 
lieving that such vagus inhibition occurs in his case, and, supported by the 
result of the Rontgen examination, he believes that it has been caused by 
a roundish tumour in the mediastinum at the base of the heart just where the 
vagus nerves branch into a net to contribute towards the formation of plexus 
cardiacus (ho believes the tumour to be tuberculous glands). 

Laslett’s patient was 40 years of age ; for some years she had suftcred from 
periodic attacks of fainting. During the period of the attacks the pulse was 
32-40, otherwise about 66. The bradycardia was produced b 3 >- long intermissions 
during which the whole heart stood still, and thus presents a different pheno- 
menon from that present in heart-block. In Laslett’s case, in opposition to 
Esmein’s case, the jugular and apex tracings show that con.stantly neither 
auricle nor ventricle beat during the intermissions ; there was ahuays a pause of 
the whole heart, and the a-c interval shows very little variation ; particularly 
there is no change after the intermission, and therefore there can bo no diminu- 
tion of conductivity in the a^v bundle. Lnslett forms two conjectures as 
possible explanations of the phenomena; (1) A block between the sinus and the 
auricle, or (2) Depression of the sinus rhythm by vagus inhibition. 

He concludes that the slow pulse and the intermissions are the result of 
increased vagus influence on the sinus rhythm — a primary chronotropic effect 
(that i.s therefore of the same nature as Mackenzie’s * youthful type of irregularity ’). 
He supports his opinion by the following ; — 

1. Atropine makes the bradj'cardia disappear. 

2. Bj’ .swallowing, the pulse quickens. 

3. The staircase phenomenon is sometimes seen after the intermissions. 

4. Anacrotism of the pulse maj' sometimes be observed after the inter- 
missions. 

So far as concerns the cause of the increased vagal action, Laslctt caii 
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express no decided opinion. In none of these cases have we any post-mortem 
examination before us. 

A comparison between our case and the cases described by Esmein and 
Laslett shows both conformities and dissimilarities. The bradycardia in all thi’ee 
cases is exceedingly inconstant ; but it sinks in our case sometimes to much 
lower degrees than in the two other cases. How the bradycardia varies in our 
case, may be seen by the following : — 


Oct. 30, evening, the radial pulse 

beats 20-26 

Oct. 31 

a 

95 

39 

40-80 

Nov. 1 

J3 ' 

35 

35 

24-60 

Nov. 2 

JJ 

55 

95 

about 50 

Nov. 3 

59 

99 

53 

30-40 

Nov. 4 

55 

95 

35 

40 

Nov. 5 

59 

53 

39 

36-44 

Nov. 6 

99 

33 

39 

36 

Nov. 7 

93 

93 

5> 

100 


In our case the bradycardia was not plainly influenced by atropine ; but 
perhaps the missing effect of the atropine injection is due to the small dose 
(1 mg.). By examining some of the many tracings taken during the 
patient’s stay in the hospital there may be seen in Fig. 13 a long intermission in 
the radial tracing, and just after the intermission there is a distinct indication 
of the staircase phenomenon and not only the contractility successive!}’’ is seen 
increasing, but also an increasing chronotropic effect is to be supposed. On the 
whole the aspect of this tracing involuntarily calls to mind the effect of the 
experimental vagus irritation. In Fig. 13 there is a distinct incomplete 
dissociation; one can see in the jugular tracing many an isolated a wave 
without its normal c wave, but there is always an a wave before every c wave. 
In Fig. 14 is seen almost the same form of the tracing as in Fig. 12, but the 
diHances between the blockaded and the not blockaded a waves change quite 
regulai'ly. Finally, Fig. 14 shows quite another aspect, the bradycardia parti}’ 
being here total, including both auricles and ventricles, partly showing the aspect 
of a heart-block. . 

Regarding the high variability of the bradycardia, some of the features in 
the tracings (for instance the staircase phenomenon, the increasing chrono- 
tropic influence after the intermission, &c.), and the considerable pathological 
changes in both the vagi, it is highly probable that the origin of the clinical 
symptoms in the first instance is to be sought in the vagus affection.^ 
If this conclusion is right, the case is to be considered a case of Stokes- 
Adams disease of vagal origin, where — different from the cases described by 

^ The question might perhaps also he discussed if there is some relation between the 
glycosuria and the vagal neuritis. On the one hand the diabetic neuritis is well known, on the 
other is involuntarily called to mind the celebrated experiment of Cl. Bernard, when he, having 
cut the vagus nerve, produced glycosuria by irritation of the central end. 
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Esmein and Laslett — ^first, the bradycardia sometimes goes far below 40, and, 
secondly, the bradycardia is not abolished b)^ atropine. If the vagal origin of 
the bradycardia in our case is not accepted, one is obliged to seek the explanation 
of the symptoms in a functional insufficiency either in the a-v bundle or in other 
parts of the heart muscle. By examining the a-v bundle there is revealed no 
plain pathological changes, and the muscular (extra-fascicular) type of the 
disease of Stokes-Adams, that is specially desci-ibed by Pletnew and Nayago, 
has still to be proved in man. 
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DESCRIPTION OF FIGURES. 

Plate 41, Fig. 1. Case I. The tracing shows a complete heart-block (the upper tracing 
from the jugular vein, the undermost from radial). 

Fig. 2. Case I. The upper tracing from the liver, undermost from radial. 

Fig. 3. Case I, Intermission without loss of consciousness. 

Plate 42, Fig, 4. Case I. Tlie interior of the right auricle and ventricle. 

Plate 43, Fig. 5. Case I. Fig. 5, a, h, c are sections from the piece marked I in Fig. 4. 
Fig. 5, d is from the piece II in Fig. 4. In all figures : 

a = auricular muscle. 

/ = fatty tissue. 
a-v h. — a-v bundle. 

(As to the examination technique, sec p, 500.) 

Plate 44, Fig. 6 . Case I. Tracing taken after the first attack (Jan. 27, 1907) ; the upper 
tracing from the apex. 

Fig. 7. Case I. Tracing taken ten minutes after the second attack. 

Fig. 8. Case I. Tracing taken immediately after the third attack (upper jugular, 
lower radial). 

Fig. 9. Case I. Jugular and radial tracing. A long radial intermission, during which 
the movements in jugular continue. 

Fig. 10. Case II. Jugular and radial tracing. During a long radial intermission the 
auricle is seen to contract regularlj-. 

Plate 45, Fig. 11. Case II. Section from the left vagus nen'e. 

Plate 46, Fig. 12. Case II. Radial tracing. 

Figs. 13, 14, 15. Case II. Radial and jugular tracing. 
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ESSENTIAL EENAL HAEMATUEIA 

By W. HALE WHITE 

Many a time it has happened that a physician or surgeon has, on account of 
haematuria or pain in the neighbourhood of one kidney, thought that a stone or 
new growth existed in this organ, but a most careful exploration, or in some 
cases excision of the kidney, has failed to find either, or any satisfactory explana- 
tion for the pain or haematuria. Pain felt near the kidney may be due to so 
many causes that I shall not consider it hei-e, but it is of interest to know that 
during the seven years 1904-1910, both inclusive, there were, on the surgical 
side of Guy’s Hospital, ten patients (six males and four females) suffering onlj’- 
from pain in the renal region, which was sufficiently characteristic and sevei’e 
to justify exploration of the kidney in the hope of finding a stone, but none was 
found. In not one of any of these ten was there any haematuria, in three 
the report does not mention the result of the X-ray examination, in the 
remaining seven the X-rays did not show a stone. All the patients were under 
45, one was a boy 9 years of age, the next youngest Avas 21 years old. 

Pain is, hoAvever, often associated with haematuria in the cases about to be 
described, namely, those in which the patient suffers from haematuria, usually 
only from one kidney, which is not due to any of the well understood causes of 
bleeding from the kidney. He is then said to be afflicted Avith ‘.essential renal 
haematuria ’, a name that will serve until the cause of the bleeding is discoAmred. 
Other names have been employed, e. g. renal epistaxis, but the greater number of 
Avi-iters use ‘essential renal haematuria’ (‘ essentieUe Nierenblutung ’). The 
disorder has given rise to much interest in Germany, to some in America, to 
slight in France, and to very little in England. It is true that a fcAv single 
cases have been recorded in this countiy, but the subject is dismissed in a fcAV 
lines by Morris,^ Avho mentions a fatal case of his oAvn in Avhich neither by the 
naked eye nor with the microscope could anything Avrong bo found in the 
kidney although it had bled. ‘ Essential renal haematuria ’ is hardly ever 
mentioned in any EngEsh textbooks, and the only tAvo important articles j)ub- 
lished on the subject in England are by tAAm foreigners, SchUllor - and Eosving.^ 

' H. Morris, Siti-ffical Diseases of the Kidney and Urcicr, London, 1001, i. 591. 

= Schuller, ‘A Clinical Lecture on Essential Neplnitic Haemorrhage,’ Pitss and Circidar, 

Lond., 1906, Ixxxi. 62-4. 

^ T.Rosving, ‘ On Obscure Haemorrhage from a Single Kidnej'and itsCurehy Nephrolom}*,’ 
Drit. Med. Jour., 1898, ii. 1547-50. 

[Q. J. M., July, igii.J 



510 


QUARTERLY JOURNAL OF MEDICINE 

It is, however, described by Senator in Nothnagel’s Encyclopaedia. He says : 
‘ There still remains a group of cases in which nothing can be found in the 
kidneys to account for the haemorrhages and the accompanying continuous or 
paroxysmal pain ; these have been called cases of essential renal haemorrhage.’ 
He then alludes to cases of venous angioma of the papillae and goes on ; ‘ In other 
cases more or less extensive inflammatory processes have been found in the 
kidneys, and the haemorrhages have therefore been ascribed to a haemonhagic 
nephritis. But in some of these cases it had evidently subsided long before, so 
it is not probable that these changes had any-casual connexion with the haemor- 
rhages. Such cases, and a few others in which no changes and certainly no 
nephritic processes conld be detected even with the aid of the microscope, 
suggest that these essential haemorrhages depend on a nervous disturbance, and 
are either angioneurotic or neuropathic.’ ' The editor of the Eughsh translation, 
James B. Herrick, states in a note to Senator’s description, that he has seen 
painless haematuria in a man of 45, the bleeding having lasted for ten 
months. The cy.stoscope showed that the blood came from the right kidney. 
Nephrotomy revealed nothing abnormal. The kidney was normal histologically. 
The haemorrhage ceased ten days after the operation, and flve or six months 
later had not returned although the man was at work. It is necessary to hear 
in mind that essential renal haematuria has, as Senator says, nothing tp do with 
haematuria of an angioma or capillary naevus of a renal papilla. Hurry Fenwick ® 
described six of these cases and Whitney and Hugh Cabot both give excellent 
drawings of the histological appearances of one of these bunches of minute 
varicose veins from cases, in which they led to profuse bleeding. I have seen 
two cases, and within the last seven years there have been three cases in Guy’s 
Hospital I have not seen. The haematuria may be very profuse and last 
indefinitely. There is normally a plexus of minute veins at the apex of each 
papilla, and under certain circumstances which we do not understand these become 
enlarged and from them haemon-hage ensues. The condition may be suspected 
if the patient has no other s3unptom than continuous haematuria, but a coirect 
diagnosis can onlj^ be made after the pelvis of the kidney has been opened. For 
the best wa^’^ of dealhig wdth this condition the reader is referred to Fenwick’s 
book. As far as we know the bleeding onty stops after operation. 

'lo rotui-n to the subject of essential renal haematuria. There is such an 
extensive literature about it that it would be wearisome to go through the whole 
of it. Kretschmer® published a valuable paper in 1907 and gives a list of 
references to eightj’-five papers, but the case of his own which forms the basis 


* Xotlinngel’s Eitrijclopncdia af Practicul Medirinc, T'lnglisli Eclilion, Vol, on Diseases of the 
Kiclneys, &c., Philadelpliia and London, 190.5, .54. 

Fenwick, Clinical Ctjatopcopy. London, 1904, ,592. 

5\hitney, Boston Medical and Stoyical .Touriial, 190S, clviii. 797. 

Hugh Cabot, American .Tounial of Medical Sciences, 1909, cjrxxvii. Os. 

’ II. L. Kvet=chmcr, ‘BeifragznrFragederessentiellen Niercnblntung,' Zeitschr. J. Urolo;iie, 
1907, i. 490. 
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of, his paper cannot be regarded as undoubtedly one of essential renal baematuria. 
The patient, a boy aged IT", had haematui’ia which the cystoscope showed to 
be duo to bleeding from the left kidney. Nephrotomy was done and the 
bleeding ceased for a time. A piece of the kidney was excised and Kretschmer 
considered it showed slight inflammatory changes, but some who discussed the 
case at a meeting of the Gesellschaft der Ai’zte in Vienna doubted whether it 
did. Eighteen months later, the bleeding having returned, the kidney was 
excised and then undoubtedly showed chronic inflammatory changes. Kretschmer 
uses this case as an argument that essential renal baematuria is really duo 
to a nephritis, but it seems to me, considering the possible histological changes 
found at the nephrotomy, considering the fact that the patient had had scarlet 
fever, and considering that even before the first operation urine collected with 
a separator only from the right kidney showed albumin, he really here was 
dealing with a case of scarlatinal nephritis. Even if this suggestion could be 
disproved it would be possible to argue that the decapsulation and excision 
of a piece of kidney at the fii-st operation had induced the nephritis found 
eighteen months later when the kidney was excised. He collected from literatui’e 
129 cases which might perhaps, he thinks, be regarded as essential renal 
baematuria. , In 61 there was a histological examination of a piece of the kidneJ^ 
in 52 of these there was evidence of some nephritis or analogous changes, and he 
•suggests that in the remaining nine such might have been found if they had 
been looked for more carefully. The criticism which may be passed upon this is 
that in many cases the histological deviation from the normal was very slight, 
that even then it may not have been the cause of the baematuria, that it i.s quite 
conceivable that bleeding into the kidney might after a time lead to histological 
changes in it. Kretschmer, although sceptical about the existence of essential 
renal baematuria not due to nephritis, does not deny it ; indeed he suggests it 
may be due to autotoxaemia. Like other authors he considers that decapsulation 
or nephrotomy is of great benefit for this condition. 

At the end of this paper I have given the literature of the subject since the 
publication of Kretschmer’s paper and will only allude briefly to the more 
important papers which appeared before 1907. Schuller,” in a critical paper, 
describes the case of a woman, aged 49, who had severe baematuria from the 
right kidney ; the urine from the left contained no albumin. The specific gravity 
was 1-020, there were no casts. Thez'e was no clinical sign ol’ nephritis. 
Nephrotomy was performed. A year later the baematuria bad not z’eturned. 
To the naked eye the kidney seemed healthy, and from the description of the 
histological appearances of an excised piece I think the organ can haidly 
be considered abnormal, and certainly not sufficiently so to account foi the 
baematuria, for the kidney is stated to have been normal except for a few 
microscopic cysts and some free epithelium in a few tubes. Schuller, liowevei-, 
considers that the baematuria should be ascribed to nephritis in this and also m 
® H. Schuller, ‘ Beitrag zur Lehre von den Blutungen aus ansebeinend unveruiulertcn 
Nieren,’ Wiener kJin. Woch., 1904, 477. 
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other published cases of essential haematuria. His patient did not menstruate 
during the haematuria nor after it had stopped. 

Rosving’s paper contains a very good discussion of some unusual causes 
of haemorrhage from one kidney, although considering the rarity of renal 
haemorrhage and the frequency of tight lacing I think we may doubt whether 
this is ever a cause as he suggests. His third case appears to have been an 
example of essential haematuria. The patient was a man aged 47 ; the urine from 
the left kidney contained blood, that from the right was healthy. At a nephro- 
tomy operation the kidney appeared perfectly normal ; after the operation the 
haematuria ceased, and had not returned six months later. Rosving and many 
other authors consider that Klemperer’s patient was an example of genuine 
essential renal haematuria. The patient, a jmung man aged 22, had haematuria 
which proceeded, as shown by the cystoscope, from the left kidney. Nephrectomy 
was done and the kidney was perfectly healthy both to the naked eye and 
microscopically. Klemperei- supports the view that the bleeding is angioneurotic 
and discusses the possibility that some cases are examples of vicarious men- 
struation. Wulff’s case, too, is a good example of one generally allowed 
to be an instance of essential renal haematuria. The patient, a male aged 46, 
had seven years previously a similar illness, from which he recovered. When 
seen by Wulff there had been haematuria for eight months ; the blood came 
from the right kidney, the urine from the left was normal. A nephrectomy 
was done ; the excised kidney, both to the naked eye and the microscope, was 
perfectly normal. The bleeding ceased completely three days after the operation, 
so the blood could not have come from the ureter, down which a catheter 
passed normally at the operation, and to the cystoscope the orifice of the right 
ureter was healthy. The fact that the patient had a similar attack seven years 
before and yet now the kidney was healthy is a strong argument against the 
possibility of the bleeding having been due to nephritis. Schenck’s is an 
important case, for the patient, a woman aged 46, had backache and haemorrhage 
i’rom the loft kidney ; the bleeding ceased gi’adually after a nephrotomy. 
A piece of kidney was excised and appeared perfectly normal when examined 
histoIogicall3^ 

One of the most important papers of those without a mieroscopical e.xamination 
ol the kidney previous to 1907 is that by Harris.^^ His first case is that of a car 
conductor, aged 51, who was temperate. Haematuria was first noticed in 1895. No 
pain, urine no casts. Sp. gr. 1-018. After some months the patient became very 
weak from continual loss of blood, which ceased after rest in bed. He returned 
to work and w-orked hard in perfect health for tw'o and a half years wnthout any 
lo.ss of blood. He then passed out of observation. He wms not a .sufferer from 

T. Rosving, ‘ Obscure naemorrbage from a Single Kidney and its Cure by Neplirotoniyi 
J3nt. Med. Jour., 1898, ii. 1.547. 

Klcn>])crer, ‘Ueber Nicrcnblutungen bei gesunden Nieren,’ DcutscJi. ined. IVoch., 

R ‘ Zur Kasuistik der cssentiellen Kierenblutung,’ .l/tijif/i. med. IVoch., 1903, 12o<. 

R. H. .Sciienck, Mcdicnl Xeirs, Nevr York, 1904, Ixxxv. 1200. . , „ 

' M. li. Harris, ‘ Renal Haematuria -vvithout Known Lesions,’ rhiln. Mcd.Journ., 1898,i.u04. 
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haemophilia, and I do not think the bleeding can have been due to varicose veins 
of the papillae as it stopped ; there was no evidence whatever of any variety of 
nephritis. Harris’s second ease is that of a man aged 50, temperate, and not 
a sufferer from haemophilia. He had had haematuria for three years. The 
cystoscope showed the blood to come entirely from the left kidney. No casts. 
Sp. gr. 1-030. Nephrotomy, the Iddney appeared perfectly normal. The hae- 
maturia ceased after operation, and when the patient was last heard of sis months 
after operation there was still no blood in the urine. Harris gives many 
references, discusses the subject, and considers that essential renal haematuria is 
a definite disease. Schuller describes a case of nephrotomy for bleeding from 
the right Iddney, in a man aged 21. No casts. The bleeding ceased after 
operation and had not returned five months later ; no cause for the bleeding was 
found. At the operation the kidney seemed to the naked eye quite healthy. 
He records another case which suggests that the bleeding may sometimes occur 
from one kidney and sometimes from the other in patients who suffer from 
essential renal haematuria, but I should have said after reading the literature of 
the subject that this rarely happens, for a nephrotomy performed upon the 
kidney from which the cystoscope shows the blood to come, usually leads to 
a cessation of the haematuria, which it would not do if the bleeding came at 
times from one kidney and at times from another. Schuller discusses the possi- 
bility of ordinary nephritis being sometimes unilateral and therefore explaining 
these cases, but he points out that Kummel catheterizing both ureters in 100 
cases of Bright’s disease did not find one in which the disease was unilateral. 
Fowler’s^® paper is chiefly interesting for his discussion of the various views held 
by different writei'S upon the subject of essential renal haemoiThage. His case 
was certainly not an example of this condition and be doubts whether it exists. 
Elliott’s case is of interest because the X-rays gave evidence of a stone in the 
left kidney. There was haematuria, but a thorough examination at a nephrotomy 
failed to show any stone and the haemorrhage ceased after operation and had 
not returned six months later. He states that Rayer,^® writing in 1841, devotes 
much attention to essential renal haemoxThage, The French papers on the 
subject hardly call for any notice. 

The following are the more important papers which have been published 
since Kretschmer’s. Steinthal records the case of a girl, aged 22, whose 
left kidney was excised on Feb. 23, 1906, for haemoxihage. Baum^^aileu 
reported that there were no abnormal changes in the organ , theie was blood m 
the tubes and glomeruli, the epithelium was intact, there veie no chaOj^cs 
in the vessels. Steinthal considers shortly other published cases and refers to 


Schiiller, MIcd. Press and Circ., 1906, Ixxxii. 62. 

H.' A. Powler, New York Med. Joiirn., 1905. 

Elliott, Inlernational Clinics, 1906, iv. 122. 

Eayer, Traitd des Maladies des Pciiis, Paris, 1841. ^ 

Steinthal, ‘Zur Kenntnis der essentiellen Nierenblutungen, 
1907, liii. 772. 
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two of those published b}^ Caspar one a man aged 57, who for nine weeks had 
passed blood in the urine from the left Iddney, which was excised and was 
perfectly healthy to the naked eye and on microscopical examination; the 
second case was that of a woman, aged 27, who had severe haemorrhage from 
the right kidney, which was excised and examined histologically. Very trifling 
changes were found, and these were quite inadequate to explain the haemorrhage. 

He 3 'mann gives the case of a girl, aged 19, who had passed bloody urine for 
four 3 'ears. No treatment did any good. The blood came onlj’^ from the left 
kidney. Decapsulation and nephrotomy were done on this ; after operation the 
patient gained in weight, and the bleeding ceased. Three months later it had 
not rctumed. The kidney was not examined microscopically, but it appeared 
healthy to the naked eye. 

Kotzenberg’s is an important paper. Out of 400 operations on the kidney 
12 were done for severe unilateral renal haemorrhage without finding at the 
operation any appreciable cause for the bleeding. Four were nephrectomies, 
6 nephrotomies, and 2 decapsulations. One of the nephrectomies died. Only 
3 of the cases were over 30 years of age; 10 were males, 2 females. There 
was nothing in the previous histories to suggest a cause for the trouble. There 
were no clinical symptoms except haematuria and such debility as might be 
caused by it, and sometimes a little pain in the back. The charactei' of the urine 
was rarely such as to suggest nephritis, no casts or at most a few hjmline ones, 
specific gravity normal, albumin only proportionate to blood, and no albumin in 
the urine from the kidnej"- which was not bleeding; in two cases examined 
bacteriologicall 3 ’' the examination was negative. There was nothing in the general 
sjnnptoms to suggest nephritis. He believes that in essential renal haematuria 
haemorrhage is the fii’st sj^mptom of a nephritis, and he quotes Kretschmer’s 
ease, which I have already given, and one of his own in support of this view. 
He believes the bleeding is due to a toxic nephritis, alwaj's bilateral, but that at 
the time of obseiwation onlj^ one kidney happens to be showing symptoms ; for 
this reason he is opposed to nephrectomy (unless the severity of the bleeding 
renders it absolutely essential), for it may lead to uraemia. The nephritis, which 
usually shows only on microscopical examination, is seen in the cortex and 
aflTects chiefly the capillaries. Decapsulation is the best treatment. Details are 
given of each of his twelve hospital cases and one private case. It might he 
urged that some of them Avere not strictly examples of essential renal haematuria — 
for example, Case XII was probably suffering from chronic nephritis of both 
Iddnej’s — j'ct there is no doubt they fox'm a remarkable series. For the urine 
from both kidneys was examined ; that from one contained blood, Avhile that from 
the other in almost all contained neither blood nor albumin, and the ff-equent 
absence of casts from the urine of both sides is very striking. Rut Case VIII is 

Caspar, ‘ Ueber ungevrobnliclie Niercn- und Niorenbeclcenblutung,’ Arch. f. h-hti. 
Chirurg., Ixxx. 

'* A. Ileyinann, Dcittfch. wed. Woch., 1907, xxiii. 325. 

Kotzenberg, ‘Ueber Nicrenblutungen,’ ZeUschr.f. Urologie, 1908, 125. 
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(lifBcuIt to understand, for the urine contained no casts, that from the right 
Iddney was healthy, that from the left contained blood; the patient, aged 24, had 
had scarlet fever followed by haemorrhagic nephritis three yearn before. The 
left kidney, which was excised on account of severe bleeding from it, showed 
chronic interstitial nephritis. In such a case it is highly probable the nephritis 
was due to the scarlet fever, yet there were no casts and the urine from one 
kidney was healthy. 

Hildebrandt records a case of one-sided renal haemorrhage. Nephrotomy 
was performed, the kidney appeared healthy and a piece excised was healthy 
histologically. The bleeding ceased after operation. Spitzer gives an 
interesting ease of a young woman who in 1902 had so much blood in the urine 
that she was profoundly anaemic. By examination with a cystoscope and 
separator this was seen to come from the left kidney, the urine from the right 
being clear. Operation was contemplated but not undertaken, the bleeding 
ceased, the patient became quite well and was still so seven yearn later. 

Bleek writes a long article, chiefly of value as he gives the various views 
as to the cause of essential renal haematuria and also many references. 

Ritter records the case of a man, aged 64, who had pain over the right 
kidney; this was felt to be enlarged, and there was blood in the urine from it but 
none in that from the left. The X-rays did not show a stone. A nephrotomy 
showed the kidney to be healthy to the naked eye and a piece excised was 
healthy when examined histologically. 

Senator thinks that renal haemophilia exists and that renal haemoirhage 
may be the only evidence of it, and this without any evidence of nephritis. He 
quotes a case he recorded in 1890.^® It was that of a girl who had nephrectomy 
done for bleeding from the kidney, and seventeen years after there had been no 
return of the bleeding. He believes that there is such a thing as essential renal 
haemorrhage from a kidney which may show no naked-eye or histological 
changes, and Avhich appears to be a perfectly healthy kidney, and he gives 
references to seven cases in point. He dismisses the argument that because an 
excised piece of the kidney is healthy microscopically it does not follow that the 
whole kidney is healthy, and he does not think the bleeding ought to be called 
neuropathic or angioneurotic, but that these cases of essential renal haematuria 
should really be regarded as renal haemophilia. 

Having carefully read the whole of the literature to which I can obtain 
access in London I am driven to the opinion that Senator is coiTcct in his belief 

Hildebrandt, ‘Essentielle Haematurie,’ Berl. Icliu. Woch., 1908. 

L. Spitzer, ‘ Zwei seltene Beobaebtungen von Nierenblutung, AUgem. Wiener meri. 
Zeitwxg, 1909. 

““ T. Bleek, ‘Ueber renale Massenblutungen. Ein Beitrag zur Fragc der cinscitigen 
Nephritis,’ BeitrCige zur IcUn. Cliir., 1909, Isi. 

Ritter, Deutsch. mcd. Woch,, 1910, 780. 

H. Senator, ‘Ueber essentielle Nierenblutungen und renale Ilumopliilic, Bcri. l-Htt. 
Woch., 1910, 205, 

-* H. Senator, ‘ Ueber renale Hiimophilic,’ Berl. klin. Woch., 1890. 
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that bleeding may take place from the kidne)’- without there being any evidence 
to the naked eye or microscope that the organ is diseased. This is the condition 
for which the name ‘ essential renal haematuria ’ should be reserved. It is true 
that some cases in which bleeding has occurred from the kidney in the course of 
nephritis have been described as examples of essential haematuria, and probablj'^ 
some cases of bleeding from varicose veins of a renal papilla have also been 
recorded under this name, but even when with the most stringent criticism 
all these are allowed for, cases of genuine essential renal haematuria remain. 

During the last twelve years there have been in Guy’s Hospital five cases 
in which the kidney has been explored on account of bleeding from it, and the 
organ has appeared to be healthy. Mr. K. H. Digby, the Surgical Registrar, 
has kindty given me the patients’ addresses and I have written to each, and I am 
indebted to my colleagues on the surgical side for permission to refer to them. 
They are as follow : — 

Case I. Rose E., aged 36 years, admitted under Mr. Symonds in 1907. The 
patient had had pain in the right renal region together with, at times, hae- 
maturia since March, 1904. On February 8, 1907, a right-sided nephrorraphy 
was performed. The patient was re-admitted on November 22, 1908. The hae- 
maturia had continued and was so profuse as to endanger her life. The right 
kidney appeared to manual examination to be enlai-ged. The X-rays did not 
reveal a calculus. No tubercle bacilli could he found in the centi’ifugalized 
deposit from the mine. The bladder when examined by the cj’stoscope appeared 
normal. On January 8, 1909, the right kidney was explored and incised, its 
pelvis was opened and the ureter was catheterized. Nothing abnormal was 
found ; the haematuria continued to be severe. On January 20, 1909, the right 
kidnej’’ was excised. No abnormalit)'^ could be seen except a small infarct in 
the neighbourhood of a stitch. Microscopical sections showed the kidney to be 
healthy except for a minute patch of inflammation in connexion with the infarct. 
In reply to a letter from me the patient wrote to me on April 6, 1911. She says : 

‘ For the last ten months I have been very well ; I have not been like it for years. 
Ten months ago I weighed 6 st. 8 lb. 10 oz., now I weigh 7 st. 8 lb. 0 oz. I am as 
I never expected to he again. A year ago I felt ill and passed a lot of blood in 
the urine.’ 

Caf>e II. Robert B., aet. 34, admitted under Mr. Fagge, November 4, 1907. 
Passed blood in the urine fourteen months previously. Right-sided pain and haema- 
turia whenever during the last two months the patient had taken exercise. On 
November 8, 1907, the right kidney was explored and incised, the ureter also was 
incised ; no abnormality could be found except some inflammation around and 
outside the upper part of the right kidney. I wrote to the patient and he 
replied on March 26, 1911. He writes that since he left the hospital he has had 
none of the old pain, and no blood in the urine. This used to come on after exercise, 
but now even heavy work does not lead to any bleeding. He sa3's he is at present 
strong and health 3- and has just passed a medical examination previous to going 
to Australia. Ho thinks he passes water a little more frequentl3’’ than formerly. 

Case III. Edith B., aged 38, admitted under Sir Alfred Fripp, July 20, 
1908, giving a history of pain in the right loin for two 3’'ears, together with one 
attack of haematuria. The right kidne3' was exposed but not incised, no calculus 
was felt, nephrorraphy was performed. I wrote to her, and she replied April 5, 
1911, saying that since she left the hospital she had not passed any blood in the 
iirine, but she had had one attack of pain in the side. Ever since .slio left the 
hospital she had been wonderfully well. 
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Case IV. Mary M., aged 25, was admitted under Mr. Ar'buthnot Lane 
March 26, 1909, on account of right lumbar pain and haematuria. Blood had 
been noticed in the urine the previous June and November. The X-rays did not 
show any stone. March 30, 1909, the right Iddnej’’ and ureter was thoroughly 
explored and appeared to be healthy in all respects. After the operation the 
haematuria ceased. I wrote to the patient, and she came to see me on April 13, 
1911. Soon after she left the hospital she married. She has had no children, 
nor has she become pregnant. She has had no illness since she left the hospital, 
does her work Avell, sometimes rides her bicycle fifty miles in a day. Considers 
herself perfectly healthy, occasionally has a little lumbago. Menstruation quite 
regular. Her weight is constant. I found the lungs, heart, and arteries perfectly 
healthy, and the patient ajjpeared to be in eveiy respect in excellent health. 
Her heart was not hj'^pertrophied ; her blood pressure was 128 mm. of mercury. 
The kidneys could not be felt, they were not painful. There had been no blood 
in the urine since she left the hospital. The urine I examined was of good colour, 
specific gi-avity 1-026. It contained no blood, albumin, sugar, or casts. The 
urea was 3-2 per cent. The quantity passed was normal. Her ejms were normal. 

Case V. William H. B., aged 36, admitted under Mr. Arbuthnot Lane, 
May 10, 1898, with nine months' history of abdominal pain, accompanied by 
about a dozen attacks of haematuria. Between the attacks of bleeding the urine 
contained no albumin. The X-ray examination and sounding the bladder were 
both negative. The pain was alwaj^s in the region of the right kidney, which 
was palpable and somewhat tender. This kidney and its ureter were thoroughly 
explored, and nothing abnormal was found. I heard from the patient in May, 
1911 : he says he is quite well, but at different times he has passed much blood 
in his urine, but none for the last eighteen months. 

It will he noted that in No. 1 the excised kidney was healthy, but the patient 
has, since the excision, passed some blood in the urine. This suggests that in 
rare cases of essential renal haematuria the blood may come from either kidney ; 
that the blood came originally from the excised kidney is slmwn by the cessa- 
tion for a long while of the profuse haematuria which followed excision ; it is 
interesting, too, to notice how the health improved after tlie nephrectom 3 ^ The 
kidney in Case II was not examined microscopically, but as for three and a half 
years after nephrotomy the patient had seen no blood in the urine he cannot 
have had a varicose condition of the veins of the papillae, and as he had been 
in exceUent health and had passed a medical examination just before I wrote to 
him, I think we may conclude he had not got nephritis. Case III was in such 
excellent health three years after the operation that she can hardly have had 
nephritis, and as the haemorrhage had not recurred during that time, we ma^’^ 
conclude that she had not varicose papillary veins. The kidney in Case IV was 
thoi’oughly explored at the operation and appeared healthy. I examined the 
patient more than two jmai's after. She had not passed any more blood, the urine 
and vascular systems were perfectly normal ; she was able to bic 3 'cle fiftj' miles 
a daj' ; she appeared to me, after I had examined her veiy thoroughlj’-, to be in 
excellent health, so I think we may conclude that her previous haematuria was 
not due to nephritis. Case V was perfectly ■well thirteen years after operation, 
but during these years ho had had attacks of haematuria, although no varicose 
veins of the papillae were seen at the operation. 
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It might be urged that these patients had had nephritis but they had 
recovered ; but in none -was there before tbe operation any single symptom save 
the haemorrhage and sometimes pain, the kidney appeared healthy at operation, 
and all the patients were well when seen year's aftei’ the operation, and it must be 
remembered that they were at an age at which ordinary chronic nephritis does 
badly. We must, it seems to me, conclude that they were examples of essential 
renal haematuria. 

This condition occurs in both men and women, but more often in men ; the 
patients are nearly always between the ages of 20 and 40 years, and usually 
under 30. It is very rarely fatal, and although no doubt the haemorrhage some- 
times ceases spontaneously, its cessation so often follows after nephrotomy that 
it is difficult to resist the conclusion that this operation is often beneficial, but in 
•Cases I and V haematuria has returned since operation, nevertheless each patient 
now feels well. Nephrectomy should not be undertaken unless the patient’s life is 
in danger from loss of blood. Whj’’ a nephrotomy does good we cannot say, for 
we do not know the cause of the haemorrhage, but there must be a solution of the 
continuity of some of the renal vessels, or else the red cells could not pass out. 
There seems no support for Senator’s suggestion that the patients are sufferers 
from haemophilia; they do not bleed from elsewhere, the haematuria does nob 
follow injury, nor does it occur in families. There is no reason for calling it 
angioneurotic or neuropathic, and doing so does not help us to understand it. 
Vicarious menstruation does not aid us, for most of the patients are men. When 
an explanation is found, we may perhaps be helped to it by remembering that the 
apparently healthy kidney will sometimes allow albumin to pass into the urine, 
as in the albuminuria of adolescence and that which follows severe exercise ; 
indeed, sometimes blood may appear in the urine after great exertion, and also 
the apparently healthy kidney will allo'w of the passage into the urine of large 
quantities of Bence Jones protein. Essential renal haematuria appears to have 
its closest parallel in epistaxis ; we are reminded, too, of oozing of blood from the 
gastric mucous membrane, or gastrostaxis as it is sometimes called, although in 
this condition there are a number of quite minute ulcers ; indeed, were there not, 
the blood could not get into the interior of tbe stomach. Whether these ulcers are 
formed b}”^ blood bursting tlirough the mucous membrane, or whether the bleed- 
ing is due to a number of minute ulcers opening vessels, is not yet decided. The 
most feasible suggestion appears to be that in some people a poison is formed 
somewhere at intervals, and this reaching the kidney by the blood damages the 
colls of the minute vessels so as to let blood throush. That substances circu- 
lating in the blood may cause haemon-bage, that is to say, damage the lining 
of minute blood-vessels, so that they give way and blood passes out, is shown by 
several facts. For example, bile circulating in the blood causes haemorrhage, as 
is seen in the very severe purpura that maj’’ occur in jaundice. Patients •svith 
splenic anaemia suffer from haeraatemesis early in the disease, before the liver is 
affected, and the most plausible suggestion is that this is duo to some poison 
circulating in the blood, and that this is formed presumablj’’ in the spleen. Again, 
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those who have cirrhosis of the liver are liable to purpura, even if they are not 
jaundiced. Perhaps the gastro-intestinal ecchymosis so frequently seen in cases 
of septicaemia has the same explanation, although here the suggestion of minute 
ulcers is possible. Then, too, there must be something which damages the minute 
vessels in purpura haemorrhagica and Henoch’s purpura, and also in the haemor- 
rhagic varieties of the exanthemata. Whether or not there is a deficiency in the 
coagulability of the blood does not bear upon the question of why the blood 
leaves the vessels, as mere diminution of coagulability will not give it the power 
to do so ; for the x’ed cells to come out of the vessels there must be a damage to 
the vessel walls, and if it were urged that infinitely slight traumatic damage to 
the renal vessels led to the bleeding, which was severe because of delayed coagu- 
lation, it might at once be answered that if this were the case the patients would 
bleed from elsewhere, like a haemophilic, but they do not. It is no doubt strange 
that in essential renal haematuria the bleeding takes place only from the kidney, 
but that these substances, which circulating in the blood damage vessel walls, may 
act only on certain vessels is shown by the fact that haematemesis, and not a 
general bleeding, is common in splenic anaemia, and further the internal secretion 
of the ovary which leads to the menstrual flow acts only on the uterus. It is 
perhaps conceivable that the trouble is due to the passage of bacteria from the 
blood through the kidney into the urine ; this must be settled by future investi- 
gation, but it must be remembered that in two of Kotzenberg’s cases the mine 
was examined bacteriologically without finding any micro-organisms. 

The five original cases here published have been followed for much longer 
periods than almost all other published cases, and from them we learn that the 
outlook is good and that the disease does no harm apart from the loss of blood. 
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CRITICAL REVIEW 

THE USE OP TUBERCULIN IN SO-CALLED ‘TUBER- 
CULOUS’ GLANDS 

By GEORGE E. WAUGH 

The views of many writei's as to the value of tuberculin in the treatment of 
tuberculosis of glands are still varied and conflicting. It is not surprising, 
therefore, that some surgeons of authority and experience ignore it entirely as 
a therapeutic agent of value for this condition. Thus Andrews, of Chicago (1), in 
his article on tuberculous glands in the neck in Keen’s Burgery, 1909, makes no 
reference to it amongst other conservative measui-es that he advises. Holt (8), 
in writing of the same condition in his textbook on ‘ The Diseases of Children ’, 
1910, ignores its existence. Klebs (9) writes that ‘ the most satisfactory and 
lasting results are obtained by extirpation, unless the vaccine therapy of Wright 
proves to be of greater service than can at present bo predicted ’. Bosanquet and 
Eyre (5), quoting Adrian, report that ‘ new tuberculin has no effect on tubercular 
diseases of bones or glands’. Western (13), in the treatment of 40 cases, 

‘ could not i-eport unqualified success as was reported by Sir A. E. Wright.’ 
Bennett (4) regards the good efiects ascribed to tuberculin as ' being possibly due 
to the fresh air and good food, especially in hospital patients ’. Allen (2) 
summarizes the value of vaccine inoculation as follows : — ‘ Out of 8 cases there 
is an expectation of marked improvement in 5, slight improvement in 3, and 
complete failure in 1 or 3.’ Carmalt-Jones (6), out of 79 cases treated by 
inoculation, reports that ‘27 were cured, 22 much better, 18 better, 8 unaltered, 
4 worse’. Lastly, Nathan Raw (11) regards ‘glands in the neck as the most 
favourable lesions for treatment with human tuberculin ’. The views of AVright 
and his school are too well Icnown 'to need more than a passing reference. 
A good summaiy from the surgical point of view with appropriate reference to 
the proportional value of tuberculin is made by Clayton-Greene (7). 

To give or to withhold tuberculin in the treatment of these cases, therefore, 
could easily be justified by reference to authorities. The discrepancies of their 
views can be comprehended by reference to the complexities of the problem. 
The value of tuberculin can clearly only be apprized by the effect of its 
administration in tuberculous cases. No ;^jroo/ is given by the writers quoted 
above that the enlargement of the glands in the cases treated was due to the 

[Q. J. M., July, igii.l 
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action of the tubercle bacillus. To expect success this should have been the sole 
cause of the enlargement. The assumption that the persistence of a chronic 
enlargement of a gland is due to the tubercle bacillus is valueless. Investigation 
of the glands after removal in cases clinically identical often fails to show any 
evidence of a tuberculous lesion, whilst the presence of other infective agents is 
no infrequent occurrence. Treponema, streptothrix, Staphylococcus albus, and 
the pneumococcus, in addition to the tubercle baeillus, are common causes of 
chronic glandular enlargement. Allen (2) states that onl 3 ' 60 per cent, of 
chronically enlarged glands are tuberculous, and he finds that ‘ out of 58 cases, 
33 contained bovine, 24 human, and 1 both tubercle bacilli ’. Clinical 
evidence that a pulmonary lesion is tuberculous has long been disregar’ded, 
but it is still a cherished tradition that clinical evidence of chronic enlargement 
of glands in the neck is proof that that enlargement is due to the action of the 
tubercle bacillus. Clinical signs are merely evidence of the' nature and degree of 
the tissue change in any organ and cannot be accepted as a proof of the 
particular cause of that tissue change. (In spite of that obvious truth one is 
frequently appealed to to decide by palpation of enlarged glands whether they 
are ‘ tuberculous ’ or not — as if some special merit resided in one’s fingers that 
was not pi-esent in the fingers of the questioner, and made an excellent substitute 
for precise and scientific laboratory investigation!) Holt (8) writes in 1910: 

‘ The diagnostic features of tubercular glands are the age of the patient, the site 
of the primaiy swelling, the indolent course and the disposition to show 
caseation, softening, and abscess.’ Comment is unnecessaiy, but it is clear that 
the tradition will die hard. 

The reactions follo'wing skin inoculation b}' von Pirquet’s method have 
a limited value. A positive result may be accepted as evidence that the patient 
has a tuberculous lesion somewhere. It is not proof that that lesion is resident 
in the glands under investigation. A negative reaction may occur in a patient 
known to be suffering from tuberculosis. Two of the cases of abdominal 
tuberculosis included in this list, which proved to' be tuberculous after the 
performance of laparotomies, gave repeated negative reactions to the von Pirquet 
test. 

To judge, therefore, of the value of tuberculin injections in cases where the 
onlj' evidence that the afiected glands arc tuberculous is of a clinical nature, is 
likelj' to lead to a conflict of opinion, and possibly explains many of the 
discrepancie.s. 

Secondly, the important role plaj'cd by constant re-infection in the per- 
petuation of the chronic enlargement of glands seems to be improperly apprized. 
Ncarlj^ all the writera alluded to lay great emphasis upon curative measures 
directed towards the prevention of this, such as the care of the teeth, scalp, and 
ears, and the removal of tonsils and adenoids, but they make no attempt to 
difierentiate between this treatment and the injection of some form of tuberculin, 
in detennining the main factor in the achievement of a successful result. There 
is a distinct bias towards the most novel form of treatment, i. c. treatment by 
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injection. Nor is there sufBcient proof that their attempts to prevent re-infection 
were successful in cases where the adoption of both measures had failed to ward 
off surgical interference with the glands. The use of the guillotine for lopping 
off a portion of a diseased tonsil is an entirely unsatisfactory method of 
preventing re-infection via that route. That the tubercle bacillus itself may 
enter from the tonsil is shown by Matthews, 1910 (10), who isolated it from the 
tonsUs in 5 out of 8 cases of chronic enlargement of glands in the neck. 

Thirdly, areas of dead tissue containing infective agents may he present in 
the centre of enlarged glands without being detectable by clinical means. 
Examination of glands after removal shows how repeatedly this condition is 
present. Tuberculin injections can clearly exert no more influence upon these 
areas than can mercury and iodide of potassium upon the central necrotic 
area that may be present in an unbroken gumma. The value of tuberculin 
may, therefore, be unduly discounted, since this condition, clinically undetect- 
able, may be present from the time of the beginning of the course of injections. 

Lastly, all varieties and doses of tuberculin find . alike a host of advocates 
and censors (Bandolier and Roepke (3)). The reasons for the attitude assumed 
are not clearly stated as a rule. Nevertheless, it is of sufficient significance to 
permit of the assumption that an ideal combination of fluid and dosage [has not 
yet been discovered. 

With a full appreciation of the faUacies of the evidence upon which any 
conclusions must be based, the wi’iter has attempted to form some estimate of the 
value of one form of tuberculin and one method of dosage from an investigation 
of 191 cases under his care during the last few years at the Children’s 
Hospital, Great Ormond Street. Seven were cases of abdominal tuberculosis 
with enlarged mesenteric glands, one was a case of enlarged inguinal and iliac 
glands without a detectable primary focus of infection, two were cases of enlarged 
glands in the neck, with multiple tuberculous foci in the small bones of the hand 
and foot and with no other detectable foci of infection, whilst the remaining 181 
cases had chronic enlargement of glands in the neck, with primary foci of 
infection that were obvious and required treatment to eliminate re-infection as 
a source of failure. The treatment of those 181 cases only differed in one 
particular : all of them had the source of I'e-infection stamped out, 51 had 
injections of tuberculin administered, 130 had not. There was no selection 
of cases. No cases had had tuberculin in the first 130, aU cases had it subse- 
quently as an additional element of treatment with a view, if possible, of 
testing the value claimed for it by many writers. In the treatment of primary 
foci of infection 60 per cent, of the cases passed through the dental department 
for the extraction or stopping of carious teeth. All of the 181 cases had their 
tonsils dissected out and from most of them adenoids Avere removed as Avell. 
More than half of these had previously had their tonsils guillotined and were 
still suffering from chronic glandular enlargement. The amount of septic 
tonsillar material subscquentlj' removed by the operation of dissecting aflbrdcd 
ample reason for the persistence of the gland trouble. 
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Ko cases in w'hicE immediate surgical interference seemed advisable are 
included in this list of 181 cases, that is to say, cases in which sinus formation, 
softening, fluctuation, or adherence to the subcutaneous or deep structures of the 
neck had occurred before they began their attendance at the Children’s Hospital, 
Great Ormond Street. Many cases ceased to attend during the course of 
treatment, and they also have been excluded from the list. No cases of acute 
inflammation are included, and cases which after further investigation proved to 
be syphilitic or lymphadenomatous are excluded. 

The form of tuberculin used was Wright’s bacillary emulsion. No smaller 
dose than -5^5^ mg. was ever employed, and the largest dose was mg. The 
injections as far as possible were made at intervals of one week in this order : 

"aoCoj IJoo'os ■3r0o'&) ^l>03 ■7(ro> ^O'O) To'cTj ^'o05 “SJOIT) tS'cT 


The last dose was frequently repeated several times, wliile five cases passed on by 
degi-ees to xV ti'Dd mg. No estimation of the opsonic index was made, and 
apparently no ‘negative phase’ was ever encountered. One patient received 
Tou every week for a period of nearly five months. In no case did rapid 
enlargement of the glands occur, no metastatic foci made their appearance, and 
no rapid formation of abscesses occurred. In only a small proportion of the 
cases was any malaise experienced soon after the injections. A slight headache 
was the most frequent phenomenon, which coincided as a rale with the administra- 
tion of Tsm 01' 3o(j That particular dose was repeated l)efore passing 
on to the next higher one. The average number of injections each patient 
received was 16 to 20, although some only required 6 to 8 injections, whilst 
a few had as many as 50 or 60. 

Of the 130 cases treated without tuberculin, 16, or 12-3 per cent., had 
the radical operation for the removal of the glands subsequently performed. 
Thirteen, or 10 per cent., had small abscesses subsequently excised and closed 
without drainage. The remainder recovered wthout further specific treatment 
after a period of four to six months from the date of the operation on the 
primary focus of infection. 

Of the fifty-one cases of glands in the neck treated in addition with the 
injections of tuberculin, ten, or 19-6 per cent., had the glands subsequently 
removed by a radical operation; six of these were proved to be tuberculous. 
Nine, or 15 per cent., had abscesses subsequently opened and stitched. The 
remainder recovered after a period of treatment of about seven months' duration 
from the date of the operation on the primary focus of infection. 

The seven cases of abdominal tuberculosis were all treated with tuberculin. 
On five of them I performed laparotomy ; aU seven cases recovei'ed. 

The two cases of glands in the neck with no primaiy foci of infection 
but with bone lesions recovered without any operation. They both Jiad 
tuberculin. 


, The case with enlarged glands in the groin had the inguinal and femoral 
group.s removed ; the iliac group disappeared after a course of tuberculin 
injections. Tubercle bacilli were not found in the gland.s that had been removed. 
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Table. — Glands in Neck and Groin. 


No. of 
Cases. 

Primary focus. 

Tuberculin. 

Radical gland 
operation. 

Local abscess 
formation. 

Cures. 

130 

Tonsils dissected 
out from all 

Nil 

16,i.e. 12-3% 

13, i. e..l0% 

101 

51 

Tonsils dissected 
out from all 

All 

10,i.e. 19.6% 

9, i.e. 15% 

32 

3 

No primary foci 
of infection 

All 

— 

— 

3 



Abdominal Tvherculosis. 



No. of 
Cases. 

Primary focus. 

Tuberculin. 

Operation. 

Local abscess 
formation. 

Cures. 

7 

— 

All 

Laparotomy 
on 5. 

— 

7 


Conclusions. 

1. That any estimate of the value of injections of tuberculin in the treatment 
of enlarged glands must he invalidated by the fact that no proof that the glands 
were tuberculous can be offered until the glands have been subjected to operation. 

2. That the most important factor in the treatment of chronic glandular 
enlargement with a view to the avoidance of extensive operative interference is 
the complete elimination of all primary foci of infection. The use of the 
guillotine to the tonsils is one of the most serious causes of failure in the treatment 
of enlarged glands. 

3. That the use of Wright's bacillary emulsion in the doses already 
described as an additional element of treatment has not yet proved to be of any 
value. 

4. That, judging by the absence of marked constitutional or local disturbance 
following administration by this method, the fluid is harmless, and may bo 
accorded a more extensive trial. 

5. That in cases of enlarged glands which were removed and were then 
proved to be tuberculous, a thickening of the scar of operation frequently occurred. 
This thickening as a rule disappeared under a course of injections of tuberculin. 
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